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‘Bellos has a 
fantastic knack 
of making you 
feel as if you’re 
sharing a room 
with these 
mathematical 
explorers’ 

New Scientist 
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we have free will. You decide who to talk to, what 
to say and where to buy lunch. It's obvious, right? 

Yet certain studies suggest our brains make some 
decisions before we're even aware we've made them. 
So are we really in control? Turn to p32 to find out. 

It's hard to make a decision If you think you're being 
1^1 misled. But if you want to get someone to tell you the 
\ truth, what's the best way to go about it? On p53, 

, I Jo Carlowe asks a former CIA operative for some 

practical tips to use in everyday life. 

The CIA must surely be grateful for the invention of Kevlar. The fibre, 
best known for its ability to stop bullets, was developed 50 years ago by 
Stephanie Kwolek at DuPont. Turn to p42 for the science of body armour 
and the new technologies that could save lives in future. 

Nothing would save you from certain death if you were ever sucked into 
a black hole. But I've often wondered why scientists are so sure they exist 
when we can’t see them. Top science writer Brian Clegg rounds up the 
evidence on p86 and reveals the mystery that hasn't entirely gone away. 

And there's much else besides, including a look at what’s beneath your 
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HIS MONTH WE... 




...caught up with 
author Nick Lane about 
the development of 
complex life. Read a review 
of his book The Vltet 
Ouesffon on p98. and listen 
to the interview at 
sciencefocus.com/podcast 



...tried out the new 
Audi TT as part of our 
feature on eco-friendly 
cars. Find out how we 
rated it on p80. We love 
the button that makes the 
spoiler go up. Go-Go- 
Gadget spoiler! 




feet - as featured in an upcoming BBC programme. Enjoy the issue! 




Graham Southorn, Editor 



PS Don't miss our July issue, 
on sale 28 May 2015 




...got on the phone 
to ‘psychological 
magician' Marc Paul 

to learn how he and his 
fellow entertainers rely 
on the illusion of free will 
to pull off dazzling tricks. 
All is revealed on p32. 
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ON SALE NOWI 

THE STORIES 
OF SCIENCE 

Our new special issue 
collects the very best 
articles from our How 
Do We Know? series. 



www.buvsubscriptions.com/science 



APPEARING IN THIS 




Jo writes for numerous 
titles, including the 
The Guardian, BBC 
Good Food and Cosmopolitan. She 
speaks to a former CIA agent about how 
to get someone to tell the truth on p53. 



Jo 

Carlowe 




Simon, a former health 
editor for The Times, 
was always going 
to write for BBC Foous - it was 
inevitable. Or was it? Simon examines 
the war against free will on p32, 



Simon 

Crompton 




Christine is a science 
and technology writer 
who has written for 
The /ndependenf, The Guardian and 
The Economist. On p42, she looks at 
the future of bulletproof materials. 



Christine 

Evans-Pughe 




Tom 
Ireland 

Tom is the managing 
editor of Trie 8to/ogtef, 
the magazine of the 
Society of Biology, On p60, he looks at 
the personal colony of microbes that 
follows US everywhere we go. 
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On p30, Dr Jan Zalasiewicz delves into the history of 
Earth ahd f nds there is much we still don’t understand 
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Awe-inspiring images from the world of science 





Toxic beauty 



IN CENTRAL POLAND, coal ash leaks 
from the Betchatow power station 
through outlets into nearby clear 
waters, painting the surface with 
sinister grey veins. Belchatbw is the 
largest coal-fuelled plant in Europe 
and emits more than 30 million 
tonnes of CO 2 every year, more than 
any other in the continent. 

The shot was taken from a 
paraglider by Polish photographer 
Kacper Kowalski, as part of a 
project named 'toxic beauty' that 
features images of chemical plants, 
mines and landfill sites taken from a 
bird’s-eye perspective. 

“Coal-hred power generation 
comes with significant costs 
to the environment and human 
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health," says Chukwunonye 
Ezeah, a researcher in waste and 
environmental management at the 
University of Wolverhampton. “Water 
run-off from coal washeries carries 
heavy metals that contaminate 
groundwater, rivers and lakes, 
affecting aquatic flora and fauna. 

"Most importantly for human 
health," he adds, "the combustion 
of coal releases emissions of 
harmful gases such as sulphur 
dioxide, nitrogen oxides and carbon 
monoxide, and various trace metals 
like mercury, into the air through 
stacks that can disperse this 
pollution over lai^e areas." 
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Megapixel 

Making 

waves 

SLIDING DOWN THIS 30m-tall 
wall of water as it cascades 
towards Praia do Norte beach 
in Nazare, Portugal, is the tiny 
figure of Garrett McNamara, 
a thrill-seeking surfer famous 
for riding monstrous waves. 

The colossal swells begin 
when storms arising in the 
North Atlantic during winter 
push vast quantities of water 
towards the European coast. 
The unique features of the 
Praia do Norte coastline then 
transform this mass of water 
into the spectacular breakers 
pictured here. 

"A deep water canyon 
offshore of Nazare allows 
the wave to travel towards 
the coast without losing too 
much energy along the way," 
explains Matthew Lewis from 
the School of Ocean Sciences 
at Bangor University. 

"When a wave approaches 
the shoreline, the bottom 
of the wave starts to ‘feel’ 
the seabed, which slows its 
speed, resulting in energy loss. 
The headland also focuses the 
enei^," says Lewis, 

"The wave starts to slow 
down as it reaches shallower 
water, which changes its 
direction and focuses the 
mass of water and energy 
together, resulting in very 
large waves." 

PHOTO: CORBIS 




10 /FOCUS /JUNE 2015 









JUNE 2015 /FOCUS /II 





PHOTO: ISTOCK. NASA. CERN. GETTY 




Your opinions on science, technoiogy and BBC Focus Magazine 




OSENDTO 



© replv@sciencefocus.com 

0 SBC Focus Magazine, Tower House, 
Fairfax Street, Bristoi, BSl 3BN 

if. @sciencefocus 

www.facebook.com/sciencefocus 




Letters may be edited for publication 



MESSAGE OF THE MONTH 




Cash-free catastrophe 



BILL THOMPSON’S ARTICLE 
‘A cash- free world’ (April, p79) states 
that one of the reasons for the move to 
cashless payments is “simply that the 
technology is now available to replace 
cash... the banking system likes this”. Of 
course they do - never mind the customers 
who still like the option of using cash! An 
electronic money expert explains that 
criminals and tax avoiders like cash. But 
they also like technology. On the opposite 
page was a feature about keyless car entry, 
which explains how many' keyless cars are 
being stolen and that thieves have devised 
processes that hack the car’s entiy sy\stem. 

Using technology simply because it is 
available is never a good idea and there arc 



many examples of how criminals can - and 
do - take advantage of the digital world. 
Cashless payment systems will be a great 
incentive for them to sharpen their hacking 
skills. Don’t say I didn’t warn ywi! 

Ian Waddington, Chester 

Fersoimllv. I'm in favour. A cashless world 
would save bus drivers from having to 
fiddle about with change and woidd stop 
coins making holes in my pockets. And 
of course, you can’t put the genie back 
in the bottle. Even as far back as 2009, 
the proceeds of cyber crime in the US 
exceeded the money stolen in physical 
bank robberies. Plus, I keep finding fake 
pound coins in my change. Grrr! - Ed. 



Write In and win! 



» 



The writer of next issue's Message of the Month wins a pair 
of Sennheiser Momentum In-Ear earphones worth £89. Made 
from stainless steel with chrome detailing, the earphones 
have a powerful bass response and and are supplied with a 
set of ear adapters for a perfect fit. en-uk.sennheiser.com 




Habitable planets 



I was very interested in the article ‘W’hy 
there’s an Earth-like planet around 
every star’ (April, p24). However, it 
continues what to my mind is the 
arrogant assumption that we are the only^ 
intelligent civilisation in the Universe. It 
has taken billions of years for us to evolve 
as intelligent humans on this planet, 
vet it is less than a centurv since we 
became capable of transmitting anything 
meaningful into space. Assuming that 
advanced societies do exist out there, 
the vast distances involved could mean 
hundreds, if not thousands, of y'^ears 
before we detect any'^ evidence of them. 

In any case, why would they choose this 
small planet around this small star as 
their objective? 

Lawrence Smith, Dorset 

I/j'i]teI/jgej]f Ji/e evcji exists elsewhere, it 
could be rare. If that's fhcca.se, a//en beings 
might well take an interest in us. - Ed 

Why we need engines 

1 read the letter by Steve Jones in the 

V 

April issue with interest. However, the 
internal combustion engine does not 
have to operate exclusively on fossil 
fuels. Instead of being banned, internal 
combustion engines can actually enable a 
zero-net-carbon energy economy^ 
Ftilly-renewable liquid fuels can be 
made by recycling CO^ already in the 
atmosphere. Instead of relydngon being 
paid a relatively small amount to put 
CO^ in the ground, the high value of 
transport energy is more likely to make it 
viable to use the air-extracted carbon to 
fix hy'drogen as 'electrofuel’. With such 
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plants operational, some of the CO, could 
be sequestered [captured and stored]* 
This process can in turn promote the 
development of solar energy in many of 
the poorer regions on Earth. Developing 
nations would then have an opportunity 
to build their economies by exporting 
what developed nations crave: energj* 
Long-term, this is likely to be far more 
valuable than relying on aid* 

All over the world there arc researchers 
working on making such processes a 
reality, and pilot plants already exist that 
demonstrate this possibility* The internal 
combustion engine allows the gradual 
changeover to renewable hydrocarbons* 
Prof James Turner^ University of Bath 

Conscious robots 

The quest for a conscious robot (April, 
pi 14 ) has been going on since the first 
computer was built. There are, however, 
two human abilities that are notin any 
way mimicked by expert systems: the 
ability to solve problems that do not 
have a precedent, and the ability to find 
unprecedented solutions to existing 
problems. A good example of the latter 
is that in the early 1700s, Cornish mine 
owners were going ever deeper to 
find tin, and they had a problem with 
pumping water out of their mines* The 
established technolog}'^ was to use horse 
gins and windmills* An expert [computer] 
system would have come up with a better 
scheme using these existing technologies* 
Instead, Thomas Newcomen invented 
the atmospheric steam engine in 1712* 

A conscious robot/artificial intelligence 
system would have to find a way of 
mimicking these human abilities. 

Paul Jeffels, Derby 




Robots would not bo able to come up with Thomas 
Newcomen's atmospheric steam engine, says Paul Jeffels 




What will the LHC find this time round? 



LHC: back in action 

For some years I have followed the Large 
Hadron Collider and the search for the 
Higgs boson. 1 was delighted to read the 
excellent 10-page summary on this work 
in the April edition, which helped to 
bring the material together. Due to the 
complexity of the technology, it has taken 
nearly 50 years since the Higgs was first 
predicted to its actual discovery. Now 
that the LHC has been upgraded to run at 
higher energies, I look forward to reading 
about developments in future. 

Roger CoUison, West Yorkshire 

‘The standard model explained’ (April, 
p92) was outstanding in its clarity. 

It enabled me to get a reasonable 
understanding of the atom - at least 
enough to follow with interest the 
happenings at the LHC. Perhaps an 
article on quantum physics would help 
me to follow this more clearly too. 

Jean Foot 

I read the article about the LHC in the 
April Lssue and there appears to be no 
mention of black holes being formed. 
Supposing the creation of a runaway 
black hole is not the preserve of science 
fiction but a possible reality... what 
then? Astronomers tell us that there are 
probably millions of Earth-like planets in 
the Galaxy, so why have we never heard 
from them? Could it be that they too had 
their \Tr\^ own LHCs? Perhap.s SETI 
should be concentrating on locating small 
black hole.s orbiting in the Goldilocks 
zones of their yellow stars... 

David Storer, Totton 

The Earth’s atmosphere is constantly 
being bombarded by cosmic rays at 
energies far exceeding that of the LHC, 
and nothing had has happened. For 
more, see Dr Tony PadiUa’s video at 
https://yo 11 til. he/KETtE HX.^pwo - Ed 
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THE LHC 

The Large Hadron 
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its power. What will 
we find this time? 
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NASA has plans 
to tow an asteroid 
towards our Moon 
in the next decade 
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THE BIG STORY 



DARK MATTER 
MAY NOT BE SO 
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Galaxy clusters are 
helping researchers to 
study dark matter 



D ark matter 

makes up a 
whopping 85 
per cent of 

matter in the Universe, 
but no one knows 
exactly what it is. It is 
called ‘dark’ because it is 
thought to interact only 



with gravity, making it 
invisible to telescopes. It 
can, however, be detected 
indirectly due to the 
distorting effect of its 
mass on the light from 
background galaxies, via 
a technit]ue known as 
gravitational lensing. ^ 
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PHOTO; NASA, PRESS ASSOCIAKON, ISTOCK. WEIZMANN INSTITUTE OF SCIENCE 



Discoveries 




The Hubble Space Telescope allows astronomers to view collisions of distant galaxies 



O Now, an international team of 

astronomers, led by researchers at 
Durham University, believes they might 
have observed the first signs of dark matter 
interacting with another kind of force. 

It is currently thought that all of the 
Universe’s galaxies exist inside clumps of 
dark matter. Without the constraining effect 
of dark matter’s extra gravity, galaxies such as 
the Milky Way would fling themselves apart 
as they spin. 

The research team used the Hubble Space 
Telescope to view the simultaneous collision 
of four distant galaxies at the centre of a 
cluster of galaxies 1.3 billion light-years away. 
They noticed one such dump of dark matter 
appeared to be lagging behind the galaxy it 
surrounds by 5,000 light-years. To put this in 
context, it would take NASA’s Voyager craft 
90 million years to travel that distance. 

Computer simulations run by the 
researchers show that this lag can be 
explained if dark matter interacts, even very 
slightly, with forces other than gravity. The 

extra friction caused bv such interactions 

■* 

would make the dark matter slow down, and 



eventually begin trailing behind its parent 
galaxy. Exactly what force this could be, 
however, is unclean 

*'We used to think that dark matter sat 
around, minding its own hiisiness,” explains 
lead author Dr Richard Massey. “But if it 
slowed down during this collision, this could 
be the first dvnamical evidence that dark 

mf 

matter notices the world around it. Dark 

matter may not be completely 'dark' after all/' 

There is more work to be done in 

determining exactly what is happening. 

Similar observations of more galaxies and 

further computer simulations of galaxy 

collisions are under way to confirm the 

■»* 

interpretation and to investigate it further. 
And if the observations are confirmed, the 
work could lead to the emergence of new 
physics, the researchers say 
“Our observation suggests that dark matter 
might be able to interact with more forces 
than just gravity,” says team member Prof 
Liliya Williams. “The parallel universe going 
on around us has just got interesting. The 
dark sector could contain rich physics and 
potentially complex behaviour.” 




TIMELINE 

A history of dark matter 



1933 



1970 



1981 



2009 



Swiss astronoirer Fritz 
Zwicky proposGS dark 
matter’s existence after 
noting a discrepancy 
between the mass of 
visible matter and the 
calculated mass of the 
Coma galaxy cluster. 



Cornell University's Vera 
Rubin notices that 
galaxies at the edge of 
the Universe move 
faster than expected. 
She suggests that 
dark matter could be 
causing this. 



Physicist Mordehal 
Milgrom (right) disagrees. 
He says the measured 
mass is correct, but 
Newtonian mechanics 
needs updating. He dubs 
the theory Modified 
Newtonian Dynamics, 




Construction on LUX 
experiment begins in 
South Dakota. It aims to 
detect weakly interacting 
massive particles 
(WIMPs), a hypothetical 
particle candidate for 
dark matter. 



GOOD MONTH/ 
BAD MONTH 

It’s lieen good for: 

FAST FOOD 
LOVERS 

USAIN BOLT 
confessed to eating 
1,000 chicken 
nuggets throughout 
the Beijing 
Olympics. But he might be on to 
something. Small amounts of fast food 
can be just as effective as sports 
supplements in restoring muscle energy 
stores after a workout, according to a 
study at the University of Montana. 

ARTSY TYPES 

IF YOU ENJOY painting or sewing, you 
may be helping your memory. In a 
study carried out by the Mayo Clinic, 
those who engaged in arts in both 
middle and old age were 73 per cent 
less likely to develop mild cognitive 
impairment than those who did not. 

It’s been bad for: 

SHORT PEOPLE 

AS WELL AS being denied rollercoaster 
rides, it seems short people are also 
more at risk of heart disease. A team 
at the University of Leicester analysed 
genetic data from 200,000 people. 

They found that for every 6,35cm (2,5 
inches) difference in height, the risk of 
coronary heart disease increases by 
13.5 per cent. Compared to a 168cm 
(5ft Bin) person, a 152cm (5ft) person 
has a 32 per cent higher risk, on 
average, The exact reasons still remain 
unexplained. 

NIGHT OWLS 

RISE AND SHINE! 
Night owls are 
more likely to 
develop diabetes 
and degenerative 
muscle loss than 
early risers, even when they get the 
same amount of sleep, Korean 
researchers have found. The effect 
could be due to unhealthy behaviour 
or poorer sleep quality. 
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Discoveries 




The LHC: playing 
the long game 



B ack in 2003 , when 

I first visited the atom- 
smashing lab at CERN 
in Geneva, there was a 
frenzy of construction 
going on, as the Large 
Hadron Collider was in the 
process of being installed. 

Journalists are no good at 
being patient, and the prospect 
of the place unearthing 
anything useful seemed 
impossibly distant. Still, my 
cameraman and I were shown 
the cathedral-sized voids where 
the giant detectors were soon 
to be installed. We strolled 
through the empty tunnels that 
would later house magnets that 
would guide beams of protons. 
And we interviewed half a 
dozen scientists and engineers 
about their hopes for the 
project. Frankly, it all felt more 
like a science fiction film set 
than a research centre. 

A few years later, we returned 
for a day of live broadcasts from 
the site of the CMS detector. 

We provided hourly updates 
as a 1, 000-tonne component 
the size of a large house was 
gingerly lowered underground. 
But the notion of the gigantic 
machines achieving hard results 
still seemed very far off. 

On another assignment, T 
was offered the chance to ride a 
bike through part of the tunnel. 
Bv now, all of the collider's 

■r ^ 

equipment was in place and I 



worried about crashing into 
something delicate. Even then, 
the scene seemed surreal. 

In 2008 the big switch- on, 

when it eventiiallv came, was 

^ * 

quickly overshadowed by a 
blast in one of the magnets - 
not an explosion, insisted the 
CERN press team. All the same, 
it was a serious setback and 
meant further delay. Back in the 
newsroom, where colleagues 



are geared for breaking news 
and instant reactions, the LHC^s 
timescale seemed grindingly 
slow. So when confirmation of 
the existence of the Higgs boson 
finally arrived in 2012, we had 
to remind everyone why it was 
major news. 

Now the LHC, given nearly 
double the power it had before, 
is embarking on a new round of 
exploration. And once again the 



timing of any ou tcome is utterly 
unpredictable. So a venture 
dreamed up in one decade, 
funded in the next, and built in 
a third is only now bearing fruit 
- and we in the media continue 
to keep watch with a mix of 
disbelief and admiration. 



DAVID SHUKMAN is the BBC's 
Science Editor. @davidshukmanbbc 
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Gabriele 

D’Annunzio 

Italian pod 
andWWl 
soldier 




Who’s he? 

D’Annunzio was Prince of 
Montenevoso, a member of 
Italy’s elite Arditi regiment 
(think the SAS or Navy Seals) 
and a prominent figure in Italian 
literature of the late 19th and 
early 20th Centuries. 
He’s also known as 
‘the John the Baptist 
of Italian fascism’ 
thanks to his far- 



right political ideology and 
infliiencc on Benito Mussolini. 
He died of a stroke in 1938. 

So whv's he in the news? 

Well, strictly speaking it’s not 
actuallv D’Annunzio that’s in 
the news, it’s his DNA. Italian 
scientists have reconstructed 
his genome from semen found 
on a hanky he gave to his lover, 
Countess Olga Levi Bruner. 



Lovely! What are they planning to 
do with that, then - clone him? 

Calm down... no one wants 
to do that. The point is that 
DNA reconstruction usually 
requires the exhumation of the 
deceased’s physical remains, 
so the experiment was simply 
a proof of concept exercise. 
However, the technique could 
end up being used in reopening 
cold cases to catch criminals. 













UUHNrcOOPBR 

WORKS 



TAKE THE WHEEL. 

THE FRONT SPOILER. 

OR THE SPORTS EXHAUST. 




THE NEW MINI JOHN COOPER WORKS HATCH. 

One Twin Power Turbo engine. Five decades of race tuning. 

231 horsepower and 320Nm of torque. Oh, and 0-62mph 
in 6.1 seconds flat. It's the most powerful MINI ever. 

SEE WHAT irs MADE OF AT MINI CENTRES FROM 2 MAY, 
MULTISCREEN EXPERIENCE AT MINl.CO.UK/NEWJCW 




Official Fuel Economy Figures for the MINI John Cooper Works Hatch (Automatic): Urban 39.2 mpg (7.2 l/100km). Extra Urban 57.6 mpg 
(4.9 l/100km). Combined 49.6 mpg (5.7 l/100km). CO 2 Emissions 133 g/km. Figures may vary depending on driving style and conditions. 
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Discoveries 





THE SCREEN FOR vour next tablet 
computer maybe made ofDNA, 
Researchers at Tel Aviv University have 
created a naturally fluorescent material 
capable of em itting a full range of colours 
in a single flexible pixel layer, as opposed 



to the several rigid layers that make 
up today’s screens. It could be used in 
flexible displays that can be rolled up 
when not in use. The material is made 
from peptides and DNA - two of the most 
basic building blocks of life. 




New class 
of painkiller 



IF YOU’RE A fan of the spicy green 
condiment used in sushi, chances 
are you’ve been giving your ‘wasabi 
receptor’ a thorough workout. TRPAl 
is a protein located in neiwe cells 
and is triggered by wasabi, garlic and 
even tear gas. Now, by mapping the 
protein’s atomic structure, a team at 
the University of California has found 
it is also involved in transmitting 
several types of pain signal. 



The 



finding could lead to the development 



of a new class of painkillers, they sa\'. 




TRPAl receptors are comprised of four 
parts and are iocated in nerve celis 




Battery that chaiges 
in one minute 



FED UP OF your phone running 
out of juice? Well, help may be 
on the way in the form of an 
aluminium-ion battery developed 
at Stanford Universitv that could 



in power in.g everything 


from 


smartyhones to laptops. 


The 



device generates 2V of electricity, 

/ about half of 
current lithium 
technologies, 
but it is 
flexible, 
durable and 
can fullv 

■M- 

charge a 
device in just 
60 seconds* 

The first alumlnlym-ion 
batterv is safe and flexible 





Non-slip 

shoes 



GET A GR[ P! A material that mav 



help pedestrians stav on their feet in 



iev conditions has been created by 



Canadian researchers. 



Made from 
glass fibres embedded in rubber, the 
material acts the same as regular 
rubber on dry surfaces but provides 
significantly better traction on ice. 




Bnv glass fibres 
act like minuscule 
studs to grip 
slippery ice 



Lab-grown 

lungs 



BREATHE EASY. SCIENTISTS at 
the University of Michigan have used 
stem cells to gi'ow self-organising 
mini lungs, complete with the 
bronchi and alveoli that are found in 
the human organs. Though the lung 
structures lack blood vessels, they 
represent an important step in moving 
away from animal testing to more 
effective drug trialling and medical 
research, the team says. 



Stem cells were 
coaxed into growing 
Into tiny lungs 
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Discoveries 




O Nanotech 
gnashers 



NANOTECHNOLOGY MAY SOON 



save you from a trip to the dreaded 
dentist’s chair. Researchers at Queen 
Mary University have developed tiny 
spherical particles that transport a 
payload of antibacterial drugs to the 
surface of the teeth to fight plaque and 



tooth decay, 





The particles could be put 



into toothpastes and mouthwashes or 
used to combat other plaque^^^^^l 




like substances, known 
as biorilms, such asj 
those that form on 
orthopaedic imnlantsj 



The nanopartides cling to 
the tooth surface and are 
not washed away by saliva 



Plastics 
from eggs 

YES, THEY TASTE gi'eat with 
bacon, but eggs could now be used 
for making antibacterial plastics. 
Scientists at the University of Georgia 
made the material by blending 
albumin, a protein found in eggs, with 
glycerol, a traditional plasticiser. 





KB Energy-harvesting 
KI surface 

EVERY DAY, THE Earth is bombarded 
with electromagnetic radiation. Now, 
team at the University of Waterloo has 
created a ‘metasurface’ antenna that can 
potentially harvest this energy' and make 
it useful. It is much better at capturing 



energy than traditional designs. 



The 



antenna could be sent into .space to 



collect energy and beam it back to 



Earth. 



The surface has a special pattern 
engraved into it that can be tuned to 
absorb specific frequencies of radiation. 






2 



Viruses heat 
up water 




A tobacco leaf with the characteristic patterning 
caused by the mosaic virus 



VIRUSES CAN GIVE us humans 
a burning fever, but now a team at 
Drexel Universits^ has found a wav of 

wf 

using viruses to make water boil three 
times more quickly. The technique 
works by covering a heating element 
with a virus found in tobacco plants. 
The coating decreases the size and 
number of bubbles that form around 
the element, which in turn increases 
the heat transfer to the liquid. The 
technique could be used in everything 
from power stations to cooling 
systems for electronic devices. 



\ 








The nanostructure of the virus-based ccating Is helping 
researchers to understand and improve heat transfer 



BO bacteria 
identified 



AS ANYBODY UNFORTUNATE 
enough to spend time in a packed 
gym changing room can attest, body 
odour is bad news. Now, researchers 
from the Universitv of York have 

4i> 

discov^cred that enzymes in the 
bacterium Staphylococcus hominis 
are the gtiilty party. They break sweat 
down into thioalcohols, the smelly 
compoundsS found in armpit aroma. 
The findings could lead to deodorants 
that specifically target this particular 
bacterium, leaving us smelling 
sweeter for longer 



Nobody likos a 
stinky gym buddy 
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Participants brain activltv was monitored while 
playing videogames to establish levels of guilt 



GENETICS 

Brain scans reveal how killers 
justify violence 



Affable androids 



AS THE DAWN of robot butlers comes ever closer, maybe it's time to think 
about how they’ll behave. Google has revealed plans to create 
downloadable robot personalities, meaning that we'll be able to choose 
our perfect computerised companion. The personalities will be stored on 
a remote server, and different personalities wilt see the robots adopting 
different speaking styles, stances and facial movements. You might 
choose to model your robot on a celebrity, a friend or even yourself. 

Google’s robots will also be able to tailor their actions based on your 
mood. If the robot knows you’re not a morning person, it might gently 
wake you up with a fresh coffee; if you're caught in a storm, it might 
jovially offer an umbrella and play some uplifting music to cheer you up. 
Let’s just hope they’re not alt as annoying as C-3PO. 

Patent number: US 8,996,429 



Drowning sound 



Windows of wisdom 



IF YOU’VE EVER put out a fire, it’s a 
good bet a fire extinguisher was 
involved, spraying messy, toxic 
chemicals everywhere. Now, two 
US engineering students have 
invented a no-mess alternative 
that douses fires with sound. It’s 
based on the simple principle that 
sound waves are pressure waves. 
When directed at a blaze, the 
waves separate burning material 
from the oxygen that’s fuelling it, 
starving the fire. The effect only 
works at low frequencies, though, 
so you might need to get out that 
old Barry White album. 

Patent pending 



YOU’RE ELYING OVER a city and 
you spot an unusual landmark 
below. Intrigued, you point at it 
through your cabin window, and a 
display pops up telling you what it 
is. This is the scenario dreamt up 
by Airbus in a recent patent 
application. Their interactive, 
touchscreen window will detect 
where you're pointing at and offer 
up information about it onscreen. 
You’ll be able to swot up on your 
destination, learn about the 
landscape below or even identify 
constellations in the night sky. 
Patent publication number; 

US 20150077337 



Pascal Molenberghs thinks 
that guilt is less pronounced 
when violence is 'justified' 



civilians compared to soldiers, 
greater activation was found in 
the lateral orbitof rental cortex 
(OFC). an important brain area 
involved in making moral 
decisions," said researcher Pascal 
Molenberghs. “The more guilt 
participants felt about shooting 
civilians, the greater the response 
in the lateral OFC, When shooting 
enemy soldiers, no activation was 
seen in the lateral OFC." 

The findings show that the 
neural mechanisms that are 
typically associated with feelings 
of guilt become less active when 
the violence against a particular 
group is seen as justified. 

In the future, the researchers 
plan to further Investigate how 
people can become desensitised 
to violence, and how personality 
and group mentality can 
influence the process. 



HOW DO YOU spot a killer? Are 
their eyes too close together? Do 
they have crooked teeth and poor 
personal hygiene, perhaps? Well, 
it might not be as easy as all that, 
but a study at Monash University 
looking into the neuroscience 
behind violent acts has found that 
brain activity varies according to 
whether or not the perpetrator 
sees their actions as justified. The 
findings could shed light on how 
the brains of killers differ from 
those of other people. 

Participants In the study played 
videogames in which they 
imagined themselves to be 
shooting innocent civilians or 
enemy soldiers. Their brain 
activity was recorded via 
functional magnetic resonance 
imaging (fMRI) while they played. 

"When participants imagined 
themselves shooting 






PATENTLY OBVIOUS 



with James Lloyd 

Inventions and discoveries ibat will change the world 
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INSIDE SCIENCE 




The perplexing number that leads some scientists to get things wvrong 




OMEON E WITH A cough walks into a 
doctor’s surgery. The doctor knows 
that the chances of patients having a 
cough if they ve got lung cancer are 
high. So the doctor breaks the bad 
news to the patient: "You've got cancer." That's 
clearly a blunder, because you don't need a 
medical degree to twig that a nasty cough doesn't 
always mean someone has lung cancer. Many 
other conditions are far more likely to cause a 
cough, and more questions need to be asked - 
such as does the patient smoke? 

Our fictional doctor's mistake is not too tricky 
to spot. It lies in the thinking that because it's 
very likely that patients have a cough if they 
have lung cancer, it's okay to flip that statement 
around and conclude that anyone with a cough Is 
very likely to have cancer. 

This is merely a made-up situation, but it’s an 
example of a blunder that underpins a scientific 
scandal involving something called ‘p-values’. 

Scientists use p-va!ues as a ‘litmus test’ to tell 
whether a new finding is a genuine result or 
Just a fluke. However, one academic journal, 

Basic And Applied Social Psychology, no longer 
allows researchers tc submit findings that make 
reference to p-values. Chances are that means 
little to you. Among scientists, this has provoked 
a huge controversy. That’s because it’s a bit 
like an academic journal banning submissions 
that mention litmus paper because a lot of 
researchers don’t understand how it works. 

The scientific scandal surrounding p-values 
has been brewing 
for years. And here's 
why. Researchers use 
formulas that turn their 
data into a p-value - the 
probability that the result 
is a fluke. If this is below 1 
in 20, the result Is deemed 
‘statistically significant’, 
and worth publishing. 

Or at least, that’s what 
many researchers think 

a p-value means. But they’re wrong. What a p-value acft/a/// gives are 
the chances of getting results at least as impressive as those observed, 
assuming fluke is their real cause. But hang on... who cares about that? 
Surely what we want to know Is simply the chance of our results nor 
being a fluke. 

The bad news Is that p-values simply can’t tell us what those chances 
are, but many researchers think that they can. If you're struggling 
with this, don't worry - you’re in good company. Many, if not most, 




“H you’ve often 
thought many 
research findings 
are twaddie, now 
you know at ieast 
part of the reason” 
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Got a coLtgti? You*d 
better hope your doctor 
understands p-values 



researchers couldn’t give you the correct definition of p-values, despite 
using them all the time. But it matters. When using p-values, working 
scientists routinely make the same blunder as that doctor at the 
beginning of this column. The researchers flip them around and conclude 
that there’s no more than a 1 In 20 chance their finding is a fluke. That’s 
a big mistake, just as it’s a big mistake for our fictional doctor to assume 
that everyone with a cough has cancer. The chances they don't have 
cancer are far higher, because other causes are much more likely. 

And It’s the same with many of those 'statistically significant’ results: 
their sheer implausibility means they’re much more likely to be flukes than 
the p-values suggest. If you’ve often thought many research findings are 
twaddle, now you know at least part of the reason. 

By banning research papers that use p-values, the editors of Basic 
And Applied Social Psychology are doing their bit to cut the amount of 

nonsense In the scientific literature. 



ROBERT MATTHEWS is Visiting 
Reader in Science at Aston 
University, Birmingham 



And anyone who pays for research 
(which means all of us) should 
hope that other scientific journals 
follow their lead. ■ 
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Discoveries 



1 MINUTE EXPERT 

ThelPK 






What’s that? 

Since 1889, the mass of 
a kilo has been defined 
as that of an object known as the 
international Prototype Kilogram 
(!PK). It is made from 90 per cent 
platinum and 10 per cent iridium 
and is kept in a pair of bell jars 
under lock and key in Sdvres, Paris. 

So it's like the 
daddy of ait 
ktlogrammes? 

Right. The problem is that it’s slowly 
losing mass. Over the last century it 
has shed 100 micrograms. 

That doesn’t sound 
like much. What’s 
the problem? 

it may not make any difference if 
you’re making a Victoria sponge, 
but when it comes to sensitive 
experiments, scientists demand as 
much precision as they can get. 

I guess. So what’s 
the solution? 

A group at the German 
National Metrology Institute has 
come up with a method that 
involves growing a silicon crystal. 

A silicon atom has a mass of 28 
atomic mass units, and silicon has 
a very regular structure, so by 
growing a silicon crystal with 2.15 
X 10^^ atoms, they can produce the 
most accurate physical kilogram 
so far. They hope to produce the 
crystal by 2018, to an accuracy of 
one in 100 million atoms. 





A model of the new IPK can be seen as 
a shiny, grey-coloured ball in this image 




SPACE 



NASA wants to give the Moon a moon 



IT COULD BE NASA’s 

craziest idea yet: the agency is 

planning to drag an asteroid 

into a stable orbit around the 

Moon. Once there, it will be 

visited bv astronauts who 
■■ 

will test technologj' being 
developed for future human 
expeditions to deep space, 
including to Mars. 

Dubbed the Asteroid 
Redirect Mission (ARM), the 



project will involve guiding 
an unmanned spacecraft to a 
near-Earth asteroid. Robotic 
arms on the craft will then 
capture a 4m-wide boulder 
from the asteroid’s surface, 
before moving the whole 
shebang into orbit around 
the Moon, The craft won’t 
physically tow the asteroid: 
instead, it will use its own 
mass, combined with that 



of the boulder, to exert a 
gravitational attraction on the 
asteroid and alter its path. In 
space, gravitational attraction 
can have a significant impact, 
even on fairly small objects. 
The journey is expected to 
take several vears. 

“The Asteroid Redirect 
Mission will provide an initial 
demonstration of several 
spaceflight capabilities we 




THEY DID WHAT?! 



Neuroscientists record 
mouse songs 




What did they do? 

Mice make ultrasonic 
vocalisations that lie outside 
our hearing range, but the 
purpose of these noises has 



always been unclear. Now, 
Duke University ha.s found 
that male mice make the 
sounds to serenade females. 

What did they find? 

Males sang louder, more 
complex songs when they 
could smell a female's urine, 
but could not see her. The 
songs were longer and 
simpler when the males 




"Ooh, a female. 
Better get out my 
throat lozenges" 
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will need to send astronauts 
deeper into space and to 
Mars,” says NASA’s Robert 
Lightfoot. “The option to 
retrieve a boulder from an 
asteroid will have a direct 
impact on planning for 
future human missions to 
deep space and begin a new 
era of spaceflight.” 

Once the asteroid is 
in place, NASA’s Orion 
spacecraft will carry a team 
of two astronauts on a 
25-day mission to explore 
it. Thev will test sensor and 
docking technologies and 



The second stage will involve 
ARM dragging the asteroid 
Into lunar orbit using gravity 



collect samples wearing new 
spacesuits specially designed 
for deep space missions. 

As part of the mission, 
NASA will also test wavs to 
deflect asteroids, in case one 
were ever to enter a collision 
course with Earth. 

The $L25bn project 
is targeted for lift-off in 
December 2020 and the 
agency has so far identified 
three potential targets for 
the mission: Itokawa, Bennu 
and 2008 EV5. However, it 
savs it won’t make a final 
decision until 2019. 



sang directly to the female. 
Females preferred to listen 
to the more complex songs 
- evidence that the songs 
carr\' important meaning. 

Why did they do all this? 

Determining the brain circuits 
involved with different 
communication patterns may 
be important for the study of 
autism, the researchers say. 




Male rnice sing complex songs when they 
can smell a female but can't see her 




New websites, blogs and podcasts 




SUBMARINE CABLE MAP 

submarine-cab/e-map-2075, 
te/egeography.com 
when you’re using the 
internet, vou don’t often think 
about the mechanics of it. This 
site encourages you to do just 
that, showing you the netw'ork 
of cables on the seabed 
which make transoceanic 

communication possible. It resembles an antique map stylistically, 
but is fully clickable and zoomable - and strangely fascinating. 

ZOMBIE TOWN 

http://mattbierbaum.github.io/ 
zombies-usa/ 

Scientists have made a disease 
dynamics simulator to model 
how a zombie infection 
outbreak would spread across 
the US, and you can playw'ith it 
here! Click on the map to start 
an outbreak, then sit back and 
watch it wreak havoc. It may sound fantastical and frivolous, but 
this kind of model can be used for real diseases, too. 
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MORE THAN SCIENTISTS 

moretbansclent/sts, org 
If you’re sick of hearing about 
the ‘debate’ on climate change 
and just want to know what 
actual scientists think about it 
all, visit this website. Scientists 
from a diverse selection of 
disciplines and backgrounds 
step out from behind their 
laboratory benches and use videos to share their stories about 
what climate change means to them. 



MIKULSKI ARCHIVE FOR 
SPACE TELESCOPES 

mast-stscLedL; 

Hubble has been exploring the 
Universe for over 25 years and 
has amassed a w'hole load of data 
- and vou can find it all here. If 
you’re looking for a handpicked 
gallery of gorgeous space photos, 
you’re in the wrong place. But if 
you want to dig into the actual 
source material, start with the 
example searches on this site. 
Soon you’ll be exploring Hubble 
images like a pro. 





KELLY OAKES Is 
Science Editor at 
BuzzFeed. She tweets 
from @kahoakes 
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Discoveries 




MATERIALS SCIENCE 





‘Terminator -inspired 3D printer turns 
liquids into personalised prosthetics 



THE SHAPE-SHIFTING T-1000 was 
one of the most iconic villains in SF 
movie history. Now. a team from 
the University of North Carolina 
has used the character as the 
inspiration to create a 3D printer 
that creates fully formed objects 
from a pool of liquid. 

Standard 3D printing technology 
works by building up materials 
layer by layer, fusing them together 
as it goes. But this new technique 
- dubbed CLIP, or Continuous 
Liquid Interface Production - 



works by using light and oxygen to 
solidify a liquid resin. It can create 
objects with a level of detail just 
20 microns across: that’s less than 
one-quarter the thickness of a 
piece of paper. It is also 25 to 100 
times faster than conventional 
methods, say its inventors. CLIP 
enables a wide range of materials 
to be used to make 3D parts with 
novel properties, Including nylon- 
like, ceramic and biodegradable 
materials, expanding 3D printing’s 
range of potential applications. 



"In addition to using new 
materials, CLIP can allow us to 
make stronger objects with unique 
geometries that other techniques 
cannot achieve, such as cardiac 
stents that have been personally 
tailored to meet the needs of a 
specific patient,” said Joseph M 
DeSimone, who led the CLIP 



research team. "Since CLIP 
facilitates 3D object fabrication 
in a matter of minutes instead of 
hours or days, it would not be 
impossible, within the next few 
years, to enable personalised 
coronary stents, dental implants 
or prosthetics to be 3D printed 
on-demand." 



I 




Biodegradable coronarv stents are one item which CLIP Is ideally suited to producing 




SEISMOLOGY 

Can animals predict ecirthquakes? 



IF YOU'RE EVER out and about and notice an 
eerie lack of animals scurrying around, you 
might want to turn on your heels and scarper 
- an earthquake may be on its way. 

A team led by Anglia Ruskin University’s 
Rachel Grant has used motion capture 
cameras to discover that animals in Peru’s 
Yanachanga National Park have a tendency 
to hunker down in their nests and burrows 
several days before an earthquake hits. They 
suspect this behaviour could be due to the 
effect of charged particles sent into the air 
by seismic activity. 

On a typical day. the cameras spotted 
5 to 15 animals, such as razor-billed 
curassows. However, in the 23 days before 
the magnitude 7.0 Contamana earthquake 
struck in 2011, they saw no more than five on 
any given day, and for five of the seven days 
immediately before the earthquake, no 



animal movements were recorded at all. 
These findings corresponded with 
disturbances in the ionosphere, an area in 
the upper atmosphere that contains a high 
number of ions, or charged particles. 

Furthermore, it is known that a high 
density of positive ions in the air can lead to 
side effects in animals and humans. For 
example, it can cause an increase in the 
animals' serotonin levels, which can lead to 
symptoms such as restlessness, agitation, 
hyperactivity and confusion. 

“We believe that both of these anomalies 
arise from a single cause; seismic activity 
causing stress build-up in the Earth’s crust, 
leading - among other things - to massive air 
ionisation. We hope our work will stimulate 
further research into this area, which has the 
potential to help with short-term seismic risk 
forecasting," says Grant. 




if there’s a quake coming, you won’t see many razor-billed curassows 
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How can milk foam hold up a spoon when it’s only made of water and air? 




HE CAPPUCCINO LOOKED all right to me. 
but then I’m not much of a coffee drinker. 

It had a pretty pattern in the foam on 
top, and it had apparently been made 
using fairly swanky coffee beans, But 
that wasn't good enough for the friend I was with. 

She picked up the accompanying metal teaspoon 
and placed it flat on top of the foam, with the 
handle of the spoon resting on the side of the cup. 

We watched in silence as the spoon sank slowly 
beneath the bubbles. “Rubbish," she sniffed. The 
waitress returned with my hot chocolate, which 
was more than half milk foam, and we repeated 
the test. The spoon sat there quite happily, and 
apparently this foam passed the test. Isn't that 
odd? Spoons fall through air and they fall through 
milk. So how is It that when you mix those two 
things together, they make something that behaves 
like a solid and can hold up a spoon? 

I have a small milk-frothing device at home, and 
it’s always hot chocolate o’clock, so the next day 
I roped my in neighbour to assist and we did some 
experiments. We tried cold semi-skimmed milk first. 

Milk contains both protein and fats, and as the air 
was whisked in, the cup filled up with foam really 
quickly. The secret to a foam is a molecule with 
both a water-loving and a water-hating end. These 
coat the surface of each bubble, making a sort 
of cage around it. In the cold milk, the fats were 
playing that role, but there weren't very many of 
them. As we watched, the bubbles Joined together 
to make bigger bubbles, and these eventually burst. 

The foam vanished almost as quickly as it arrived. 

Then we tried heating 
the milk. Cold protein 
molecules are wound up 
into little balls, with their 
hydrophobic (water- 
hating) ends tucked 
safely away inside. But 
as the milk was warmed, 
the proteins unwound 
to reveal those ends. 

Suddenly, there were far 
more molecules that could 

act as a coating. The foam grew just as quickly, but this time it stayed 
put because there were lots of stable little cages for the bubbles. But 
it doesn’t tell us why the mixture could hold up the raisins that we 
scattered over the surface. 

In really smooth milk foam, the bubbles are too small to see - each one 
measures about one-tenth of a millimetre in diameter and the coating 
stops them from joining together. These foams are quite wet. and the 
bubbles are spherical squishy packages that pack together just like 




"I’m still not a 
coffee drinker, but 
I love the thought 
that you can build a 
solid structure out of 
a liquid and a gas” 



ping-pong balls in a bucket. Pushing on them Just squashes the bubbles 
a bit, so they'll push back and can hold an object up. But if you push a 
bit harder, the bubbles squish enough to start sliding past each other. 

The more liquid there is between the bubbles, the less hard you have to 
push to get them to shuffle around. This was the issue with the failing 
cappuccino. There was too little air and the bubbles could easily move out 
of the way of the spoon. 

Like richer hot chocolate? Full-fat milk isn't so good for foam, because 
the fats and proteins stick to each other and not to the bubbles. But add a 
bit of cream, and fat takes over from protein to make even more decadent 
foams. So. to finish the experiments, we made some more milk foam using 
our most successful technique, and turned it into hot chocolate. 

I’m still not a coffee drinker, so I'm not going to turn into a coffee snob. 

But I love the thought that you can 



DR HELEN CZERSKI is a physicist, 
oceanographer and BBC science 
presenter whose most recent 
series was Super Senses 



build a solid structure out of a 
liquid and a gas. And even more, 
I love the idea that you can add 
this structure to chocolate and 
drink it. ■ 
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r i li jp in surprising 



HE STUDY OF planets orbiting 
distant stars is revolutionising our 
understanding of the Universe. This 
year is the 10th anniversary of the first 
discovery of a super-Earth', orbiting a 
star called Gliese 876. The planet's mass is larger 
than the Earth's, but smaller than that of Neptune 
or Uranus. Such worlds and the other ‘exoplanets’ 
present new opportunities to find life. 

It used to be thought that a liveable world had 
to orbit in the ‘habitable zone' (HZ) of a Sun-like 
star, at a distance that would allow liquid water 
to gather on the planet’s surface, This seems 
plausible if you look at the Solar System. Venus is 
an inferno Just inside the HZ. Mars, Just outside, is 
frozen, while Earth seems just right. 

But a rule-breaker, whose plausibility has been 
recently confirmed by astroblologist Rory Barnes 
of the University of Washington, was shown in 
the movie Avatar. Pandora is a moon of the gas 
giant Polyphemus, which orbits a star of the Alpha 
Centauri system just outside the traditional HZ. 

But Pandora is kept warm by oomplex effects 
that include tidal heating from its parent world. 

Even in our own Solar System we have found 
liquid water far from the HZ. Jupiter's moon 
Europa has a crust of ice; beneath this lies an 
ocean, which is kept liquid by tidal effects. There 
may be as many as six of these 'roof worlds’ 
among the outer planets' moons. Future space 
probes will determine whether these dark and 
briny seas are capable of hosting life. 

On the other hand, the exopianets show 
us that having liquid 
water is no guarantee of 
habitability, The super- 
Earth GJ 1214b, 42 light- 
years from the Sun, may 
have an ocean thousands 
of kilometres deep. The 
ocean floor is comprised 
of an exotic kind of ice. 
which is made solid by 
high pressure rather than 




■f 



Could aliens be living on 
the moons of exoplanets? 



“Since 70 per cent of 
stars are red dwarfs, 
this mcdel multiplies 
the pctential number 
of habitable worlds 
in the Gaiaxy” 

cold. It’s not clear if life 

could evolve cut off from the minerals of the world's rocky core. 

Meanwhile, we no longer even think the parent star has to be like our 
Sun. Red dwarf stars like Proxima Centauri (as featured in my novel 
Proxima) are small and dim. A habitable planet would have to huddle so 
close that it would be ‘tidaily locked', like the Moon is to Earth, with a single 
face perpetually presented to the star. But since 70 per cent of stars are 
red dwarfs, this model multiplies the potential number of habitable worlds 
in the Galaxy many times over. 










■ ^ 



The habitability of a given world can also change with time, and can 
be affected by life itself. The film Jurassic World, out in June, shows us 
creatures from an age when Earth was warmer and more oxygen-rich 
- an ideal environment for huge land animals. More dramatically, Earth 
was once perfectly habitable for anaerobic (oxygen-hating) bacteria. 

The evolution of photosynthetic bacteria, which released oxygen into 
the atmosphere, changed all that. According to James Lovelock’s 'Gaia' 
model, over the five billion years since its formation, the Sun has gradually 
increased its power output. Its HZ has therefore shifted across space, 
from well within Earth’s orbit to its current position. And yet Earth’s 
surface temperature has remained stable, thanks to the action of 
immense flows of mass and energy which act like natural thermostats. 
Life is intimately involved in these systems - in other words, life itself may 

maintain habitability. 

So the definition of a 'habitable' 

... world is more tricky than it first 

STEPHEN BAXTER is a science n i. ■ 

fiction author who has written But the Universe as a 

over 40 books. His latest is whole looks a lot more hospitable to 

Ultima, published by Orion life than it did mere decades ago. 
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Neuroscientists peering into our brains are becoming ever more 
convinced that free will is an illusion: simply a creation of our 
mind that allows us a sense of control. Simon Crompton delves 
Into the science to find out more... 



Y ou WERE ALWAYS going to start this 

article. It was theoretically predictable 
from the moment of the Big Bang. You 
were always going to read this 
sentence. And this one - each act the 
inevitable result of everything that 
preceded it. Every bumping together of 
atoms and molecules, the exact structure of vour 
DNA, the precise combination of chemical and 
electrical signals that make you do what you do has 
been determined by the laws of science from the 
beginning of time. 



That is what is known as ‘determinism’, and it 
cuts through traditional ideas of free will like a 
knife. In the past 30 years, discoveries in 
neuroscience have freshlv stoked the fires of debate 
about determinism versus human free will that 
have been crackling among scientists, philosophers 
and religious figures since at least the days of 
Socrates. And determinism, most famously 
advocated by Sir Isaac Newton, currently seems to 
be gaining the upper hand. 

The reason for this is a sequence of brain 
experiments stretching back to the 1980s, 
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NEUROSCIENCE 



O which have indicated with increasing 
authority that our brains make decisions 
before we even become aware of them. Scientists 
today can wire you up to a computer and predict 
what choice you are going to make many seconds 
before vou believe vou make it. If we’re not 
conscious of our decision-making, how can we be 
said to be acting voluntarily, to be ‘willing’ our 
every decdV And if we're acting consciously, exactly 
what is determining what we do? 

Scientific inquirjf, it seems, is killing the very idea 
nffree will.Orisit? 



DECISIONS, DECISIONS 

Imagine looking at a clock on a computer with a 
rapidly rotating hand, and being asked to push a 
button at any point decided by yourself. You have to 
note the position of the hand on the clockface at the 
moment you decide to move your finger. All the 
while, your brain’s electrical activity is monitored 
using an electroencephalogram (EEG). 

This was the experiment carried out by American 
neurologist Benjamin Libet in w'hich caused a 
free will re-think. Libet calculated participants’ 
precise conscious decision time, using the times 
they noted as their decision time and the time the 
button was actually pushed. Then he compared this 
decision time with a surge of brain activity that 
earlier research had shown indicated decision- 
making. He found that the brain activity started, on 
average, 300 milliseconds before subjects were 
conscious of making the decision. This change in 
brain activity that precedes conscious decisions, 
called readiness potential, has been deemed a blow 
to free will, suggesting that the brain prepares to do 
something well before we 'decide' to do it. 

Libet's experiments were simple, but his findings 
have been elaborated on by his followers. In 2010, 
neurosurgeons and neuroscientists from UCLA and 



Steven Pinker, 
psychologist 

Speaking in 2011 
y outu rbe/ VQx JlOCOTBo 
















I don’t believe there’s free will In the sense of a spirit or soul that reads the TV screen 
of the senses and pushes buttons and pulls levers of behaviour. Behaviour is the 
product of physical processes in the brain. But when you have a brain consisting of 
100 billion neurones connected by 100 trillion synapses there's a vast amount of complexity, so 
human choices will not be predictable in any simple way from a given set of stimuli. We also know 
the brain is set up so that there are at least two kinds of behaviour: choosing how to move a chess 
piece is different from your iris closing if I shine a light in your eye. It’s that kind of 
behaviour, that has a mental model of the world which can predict the consequences 
of certain behaviours, that carves out the realm of behaviour that we call free will. 
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A volunteer undergoes an 
EEG during an experiment at The 
University of Melbourne's Decision 
Neuroscience Laboratory 



Harvard repeated Libet’s experiment, this time 
inserting electrodes into the brain to record activity 
from individual neurones. They detected readiness 
potential up to 1.5 seconds before a decision. 

What's more, brain^scanning research by Berlin 
neuroscientist John -Dylan Havnes in 2007 showed 
that some decisions we make can be predicted up to 
seven seconds in advance. He placed study 
participants into a brain scanner and asked them to 
push a button to their left or right side - whichever 
they wanted, whenever they wanted. The patterns 
of brain activity leading up to ‘right’ decisions were 
found to be different from ‘left’ decisions, and 
became clear seconds in advance of the button 
being pushed. 

Perhaps most controversial are the experiments 
and views of American psychologist Daniel 



Wegner, who before his death in 201.1 argued that 
our sense of control over what we do is self- 
delusion. He pointed out that there were constant 
examples of us being mistaken about being the 
authors of our own actions. 

Sometimes w'e do things but don’t think we’re 
doing them: for example, moving a glass around a 
ouija board, twitching a stick when divining water 
or accomplishing tasks under hypnosis. On the 
other hand, sometimes we aren’t doing anything 
when we think we are. Wegner demonstrated this 
with a kind of reverse seance. He fixed a small 
board on top of a computer joystick, and asked two 
participants to sit on either side with their fingers 
on the board, causing a cursor to roam over 
pictures on a screen. They were told to stop the 
cursor whenever thev liked. After the cursor 




In Wegner’s famous experiment, volunteers believed they were controlling 
the movement of a cursor on a screen - even thought their input actually 
had no effect whatsoever on the cursor's movement 



stopped, the participants were asked how strongly 
they felt that they, individually, had chosen the 
stopping place. Invariably, participants believed 
they had controlled the landing place. The trick was 
that one of the two participants was, in fact, an 
experiment coordinator who had complete control 
of the cursor all the time. The movements of the 
true test subject didn’t control the cursor at alk 
In other words, said Wegner, we fool ourselves 
constantly and have what he called “the illusion of 
conscious will”. This has led to other psychologists 
and neuroscientists taking the idea further ^ saying 
that the feeling of intention is something humans 
always attribute to their actions after the fact. We 
make up stories so that we can take ownership of 
actions that wmiild have happened anyway. 

Even for the most pragmatic of scientists, this 
sound.s like a troubling vision of humans as 
programmed automata, our deeds the products 
of unconscious processes rather than thought. 

But that is hv no means the whole storv, if 
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In Patrick Haggard's lab, muscle activity in the hand is measured as part of an experiment to determine if we have free will 







Free will 
happens 
thought: 



jk A Free will is our capacity to see probable futures In time to take steps so that something else 

B is happens instead. What happens is determined, but it isn't as important as people have 

I Bi doesn’t imply inevitability. We have to recognise that there are varieties of free 

— - wili. The traditional varieties - who cares if we've got them? The varieties that matter, the 

varieties worth wanting, are perfectly compatibie with determinism. 

Do we have to give up something? Yes, we have to give up some of our ideas and ideology about freedom 
and blame and responsibility. That will scare some people, who want to be absolutist about responsibility. 

I mean, the idea of 'in the eyes of God, that’s a sin’... that has to go. What we replace it with is Ml 
still a very rich and familiar concept, and that is: we are not deluded about our own capacity. Et 
We are determined to be masters of our fate, to a surprising and gratifying degree. 








science has taken debates about free will 
beyond the traditional arenas of ‘independent’ 
action, the new understanding it has brought about 
human consciousness is revealing the inadequacies 
of talking about ‘free will’ in the first place. As a 
result, scientists and philosophers alike are now 
engaged in framing new ways of looking at what 
it might actually mean to be ‘free’. 

THE GREAT DEBATE 

Patrick Haggard is a British neuroscientist who has 
collaborated with Libet and examines issues of free 
will and voluntary action as a professor at the 
Institute of Cognitive Neuroscience, University 
College London. Until recently characterised as 



‘anti-free will’, he acknowledges his views have 
evolved as traditional debates seem increasingly 
irrelevant. One thing is clear, says Haggard: a 
scientific outlook can no longer accommodate 
dualist ideas - the belief held by religions and 
philosophers such as Rene Descartes that a soul or 
mind can exist separately from the brain and body. 

“A neuroscientist has to believe that all our 
thoughts, feelings and experiences are the result of 
electrical and chemical events in the brain,” he 
says. That throws out of the window the idea that 
there is an T telling the brain what to do. 

But at the same time, he believes that ideas that 
we simply deceive ourselves into believing we have 
conscious will are going too far. He points to recent 
work by Aaron Schurger in France, which has 




Daniel Dennett, 
philosopKer 
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Free will as a concept is so incoherent that it can’t be mapped onto 
f C f 4 any conceivable reality. Many people agree that free will doesn’t 
j i I make any sense, and that it's some kind of illusion, but they think 

” ^ ' that nothing important changes, and in my view that is untrue. Most 

people imagine that a belief in free will is necessary for morality and it's necessary 
therefore for getting what we want out of life. I think that’s clearly untrue. 

The popular conception of free will rests on two assumptions. The first is that 
each of us is free to think and act differentiy than we did in the past. The second 
assumption is that you are the conscious source of your thoughts and actions. 
Now, unfortunately, we know that both these assumptions are false. We live in a 
world of cause and effect. Everything that could possibly constitute 
your will' is either the product of a long chain of prior causes, and '^1 “ 

you’re not responsible for them, or it’s the product of randomness, i J L, 

and you’re not responsible for that. / / /. / 




/ / / / 

4 ./ 







The ‘dress illusion' (above and 
below} showed how neural noise 
leads to different conclusions 
about the dress's colour scheme 




brought into question whether the ‘readiness 
potential’ that Libet identified in the brain actually 
represents the brain planning what to do next. For 
some it has brought free will back into the 
neurological picture. Schurger developed earlier 
research indicating that when we make a decision 
based on, s,ay, visvial input, groups of brain cells 
start assembling evidence in favour of various 
outcomes. When this neural noise rises to a peak, it 
crosses a threshold and tips into a conclusion. The 
famous dress optical illusion that took the internet 
by storm in March, for example, shows that 
different brains tip over into different conclusions 
on the basis of ambiguous evidence. 

Schurger proposed that this constant neural 
noise is involved in all decision-making. He created 
a computer model of electrical activity as the 
brain assembled information, and found it 




Sam Harris, 
neuroscientist 
and author 

Speaking in 2012 
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If it’s true that there is realty no such thing 
as free wit I, what are the impiications for our 
day-to-day tives, and our society? 



“What do you mean 
I don’t have free will?" 
Many of us will tend 
to recoil at the very 
idea, because such a 
suggestion threatens 
many of the assumptions 
and institutions that our 
societies are founded on. 

Religions that involve 
divine judgment make 
little sense if we don't 
actually have conscious 



control over our thoughts 
and actions. And what 
about ideas of moral 
responsibility? If we 
know we don’t have free 
will, does that lead to 
a world where we can 
behave as we want, 
because we cannot be 
held responsible for 
whatever we do? 

Psychology 
researchers at Oregon 



and Minnesota found that 
the more people doubted 
free will, the less they 
favoured punishments 
that make offenders 
suffer for their crimes - 
suggesting that a world 
that knew it had no 
free will might be more 
compassionate. They 
wanted rehabilitative 
punishments instead, 
focusing on discouraging 



further crime. However 
the researchers, Azim 
Shariff and Kathleen 
Vohs, also found 
that people who are 
convinced that we do 
not have free will are 
more likely to cheat, lie 
and harm others during 
experiments. 

According to Helen 
Beebee, Professor 
of Philosophy at 



Manchester University, 
many philosophers 
believe that it is precisely 
because free will does 
not exist that we have to 
build social institutions 
and laws to stop us killing 
each other. "They see 
this as a pale imitation 
of moral responsibility," 
she says, “However, 

I’d see it as real moral 
responsibility." 
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Magicians and mind- 

L - readers have long 

known that free will is 
an illusion. In fact, 
we’ve been using that knowledge to 
our advantage for centuries. Any 
good performer can create the 
perfect illusion of free choice and yet 
secretly manipulate events so that 
the choice is anything other than free. 
It’s fascinating to me that 



neuroscientists are only now 
discovering the science behind why 
this is possible. Choices only feel free 
because of a psychological principle 
called cognitive dissonance. Good 
performers use this to give an 
audience the feeling that they’ve 
made decisions for themselves, but in 
some tricks these choices are largely 
irrelevant as the performer has 
already decided on the outcome or 
knows what choices are likely to be 
made. An audience will swear they’ve 
exercised free will, 
and that’s what makes 
this principle so 

perfect for us. , . 







Marc Paul, 
psychological 
magician 

www.marcpaul.com 



looked similar to the patterns of Libct’s 
readiness potential. He argued that what 
looked like a pre-conscious decision-making 
process might indicate a readiness to make a 



conscious decision, rather than the decision itself. 
In an experiment, he showed that participants who 
had built up the most neural noise were quickest in 
making ‘spontaneous' choices. 

“Schurger is interesting,” says Haggard. “You 
could say that his theory is compatible with free 
will because this crossing of the threshold is the 
decision to act, but 1 think he’s rightly cautious 
about whether the process is conscious.” 

Indeed, it is the big question of consciousness 
that needs to be addressed, because questions of 
free will are irrelevant without understanding it 
better. “I do think we have a conscious experience 
of what we are about to do,” Haggard continues, 
“but it’s for others to decide whether that is free 
will. It’s this stream of experience that our research 
is concentrating on. We need to know if there’s a 



difference between conscious actions - making a 
cup of tea, saj' - and those you can do unconsciouslj'' 
like walking. That will help us understand how 
consciousness affects our control of our actions,” 
Neuroscientists are looking at two areas of the 
brain that seem to give us a sense of control over 
what we’re doing. The posterior parietal cortex at 
the back of the brain seems to have a role in 
planning and monitoring our actions. And the 
fronto-median cortex, where the two hemispheres 
meet, is active before movement. When doctors 
stimulate this area with electricity, patients have 
reported feeling the urge to move their arm. “That 
sounds a little bit like will,” says ! laggard. 



THE BROADER PICTURE 

Philosophers, too, are accommodating advancing 
neuroscience into their enduring debates about free 
will. The fact is, says Helen Beebee, Professor of 
Philosophy at Manchester University, that what 
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Users move the glass (or plate, In this case) on a oulja board without realising it 






Philosophy professor Helen Beebee says that It Is possible to act freely 
and that we do not feel as If we are In a zombleHlke state 







The brain's posterior 
parietal cortex seems to 
have a role in planning and 
monitoring our actions 






Do we have free wit!? Yes, I believe we still do. It doesn't matter that 
we live in a deterministic universe in which the future is, in principle, 
fixed. That future is only knowable if we were abie to view the whole 
of space and time from the outside. But for us and our 
consciousnesses, embedded within space-time, that future is never knowable. It is 
that very unpredictability that gives us an open future. The choices we make are, 
to us, real choices, and because of the butterfly effect, tiny changes brought about 
by our different decisions can lead to very different outcomes and different 
futures. So, thanks to chaos theory, our future is never knowable to us. You might 
prefer to say that the future Is preordained and that our free will is 
Just an illusion, but our actions still determine which of the infinite 
number of possible futures gets played out. 







neuroscientists are saying hasn’t come as a 
particular surprise to many. 

“There’s a great philosophical tradition, one 
which I am part of, which says that even if 
everything we do has a cause that can fully explain 
that it is going to happen, it’s still perfectly possible 
to act freely. Before Libet, most of us thought there 
were prior causes anyway - we just didn’t know 
what they were.” 

Beebee believes that a rounded look at human 
experience reveals that neuroscience is only part of 
the picture. “Say, for example, you looked at the last 
million years on a purely molecular level: you 
wouldn’t see evolutionary processes, or animal 
behaviour. You’d have your story of how one thing 
led to another in terms of physics and chemistry, 
but vou’d have missed out on some other verv 
important stuff, if you look at the brain as a 
neurological machine, of course you’re not going to 
find free will there, because it's not the level of 
description at which free will crops up.” 




Jim AI-KKalili, 
physicist 

Writing in 2013 
bItJy/laNFooC 



“Why do we require determinism to be false to 
have control over our lives? None of us feel we have 
a gun to our head, are being coerced into making 
onr cup of tea or are in the grip of some hypnotic, 
zombie-iike state/' 

The real lesson from recent research on human 
consciousness and decision-making is that 
neuroscientists and philosophers alike know that 
we are not robots, emptily fulfilling pre-ordained 
roles. We know that to accommodate the infinitelv 
rich experience of being human, the brain has 
infinitely complex processes, and that current 
research is only scratching the surface of the 
simplest of these. Deciding whether to push a 
button is one thing; deciding whether to marry 
someone is another thing entirely. The case against 
free will is definitely not proven. ■ 



SIMON CROMPTON is a science journalist, and a former 
health editor for both The Times and The Dally Telegraph 
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Since its invention haif a century ago, 
Keviar has saved many iives. But 
according to Christine Evans-Pughe, a 
new generation of materiais could offer 
even more protective appiications 
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F ifty years ago, a chemist working at DuPont in 
the US created a plastic that was light, flexible and 
seriously strong. In fact, Stephanie Kwolek had 
invented a substance that was five times stronger 
than steel of the same weight, making it tough 
enough to stop bullets and deflect blows from 
knives. Poly- par aphenylene terephthalamide, or 
Kevlar as it is more commonly known, has since 
been used in everything from bulletproof vests to soldiers’ 
helmets. It’s even used for protective shielding on the 
International Space Station. But half a century since its 
creation, can Kevlar keep up with advances in science and 
engineering to retain its crown as the go-to protective 
substance? Or will a new generation of naaterials allow us to 
make anything bulletproof? 

Kevlar is a polymer. Polymers are substances made from a 
large number of repeating units - monomers - that are joined 
together. In Kevlar, these monomers are arranged in ring-like 
structures similar to those seen in benzene. It is this structure 
that is key to the material’s properties. 

BULLETS AND BENZENE 

‘'Kevlar was revolutionary because the chemical structure of 
the polymer chains forces them to align in one direction/' 
explains Asa Barber, Professor of Advanced Materials 
Engineering at the University of Portsmouth, “ If you think of a 
tangle of rope fibres as similar to randomly arranged polymer 
chains, these are easy to pull apart. But once you arrange the 
rope fibres side-by-side, the structure has great strength. 

That^s how Kevlar works. The bulky benzene groups are also 
part of the deal. It's like having a series of big knots hanging off 
the sides of a piece of string - the string cannot be flexible 
because they stop it from bending. These 'side groups' also 
force the main chain to be ordered in one direction,'' 

But for a material to be resistant to bullets, it also needs to be 
able to absorb energy over a large volume in order to spread . 
out the impact of the force. Kevlar is a stiff, low-density I 




A DuPont worker adjusts the valve on a Kevlar spinning machine 
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O material, so it does this extremely 
efficiently. To make a bulletproof 
vest from Kevlar, the polymer fibres are 
first spun into yarns and then woven into 
fabrics. Multiple layers of fabric are then 
hot-pressed with resin to form 
composites. You can boost the bullet- 
stopping ability by using finer yarns to 
make a closer-knit, denser fabric. 

The protection works in three phases: 
first the bullet or fragment punches into 
the composite, then the impact causes the 
layers to start to separate and finally the 
fibres break to stop it. Together, these 
stages slow down and catch a projectile. 

In circumstances w'here high velocity 
and armour-piercing bullets might be 
encountered, hard ceramic plates made 
from silicon carbide or alumina are added 
to bulletproof ve.sts to cover vital organs. 
These panels squash projectiles on impact 
while the Kevlar absorbs the impact 

‘‘When hunting, 
the creature 
smashes Its claw 
intc its prey with 
the speed of a .22 
caliber bullet” 



MATERIALS 




Kevlar thread can be woven Into fabric to make light and strong body armour 



shock. In case you’re w'ondering, you can’t 
cover the whole body in ceramic material 
because it would be too stiff and heavv. 

However, black diamond looks like it 
may well be the bullet-squashing ceramic 
of the future. Black diamond is also 
known as boron carbide and is the third 
hardest material on Earth (diamond and 
boron nitride pip it to the post), It has a 
density of 2.52g/cm’ - in comparison, 

.steel is 7.Bg/cm’ while Kevlar is 1.44g/cnr’. 
So far, black diamond’s downside has been 
its high price. But Dr Isaac Chang, an 
expert on materials processing at the 
University of Birmingham, has recently 
patented a way to make it much cheaper. 

“Instead of heating the raw' ingredients 
to 2,500“C and then spending weeks 
grinding the resulting ingot [a block 
measuring 2,5m x l.StnJ into powder, this 
new process uses a temperature under 
1,.500“C,” he explains. “By first dissolving 




To make a tougher vest, layers of Kevlar fabric 
and resin are hot pressed to form composites. 
When struck by a bullet, these layers separate 
and the fibres break, which slows the bullet 



V 



Kevlar bonded 

1 i 1 r A i!!' I n 
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Kevlar fibres woven Into fabric 




Imagine what this bullet could have done. 




) chemist's disoovGry is used 
body armour, motorcycling 




US CHEMIST 
Stephanie Kwolek 
developed Kevlar in 
1965 while working 
as a research 
scientist for DuPont. 
Kwolek specialised 
in low-temperature 
polymerisation, 
which is a 
process used to 
make plastics by 



linking together 
molecules known as 
monomers. During 
the early 1960s 
she was given the 
task of looking for 
a lightweight but 
durable fibre that 
could be used in 
the manufacture 
of tyres. Many of 
the materials she 



created were too 
unstable to remain 
for more than a few 
seconds. But one 
combination caught 
her eye when it 
turned into a cloudy 
fluid. This was in 
contrast to the 
clear, treacle-like 
form of most of 
the previously 



discovered 
polymers. When 
spun into a fibre, the 
material proved to 
be very strong. She 
realised at once that 
she had discovered 
something special. 

In 1971, her creation 
reached the market 
under the name 
Kevlar. 



the ingredients into a special solution, we get a precursor 
material that when heated results in a ready- to -use powder.” 

He's currently working with the US Army Research Laboratory 
(ARL) and the UK's Defence Science and Technology Laboratory 
(DSTL) on developing and testing this material for ballistic use. 



FIERCE CREATURES 

Designs inspired by the natural world are aiso looking like key 
players in the future of armour-plating. Prof Barber’s group 
recently published work on goethite, which is an incredibly 
strong material found in the tiny teeth of limpets. Limpets rasp 
their strong teeth over rock surfaces to remove the algae on 
which they feed. The fibres of goethite are just the right size to 
make up a resilient, hardwearing structure, and could potentially 
be copied for use in high-performance engineering applications. 

Another natural structure capable of resisting ballistic type 
impacts is the hammer-like claw of the peacock mantis shrimp. 
When hunting, the creature smashes its claw into its prey with 
the speed of a .22 caliber (diameter in inches) bullet. The 
crustacean’s claw is made from an incredibly hard material and 
can withstand similar pressures to silicon carbide. However, it 




has the adv'^antage that it can be formed at 
room temperature (or sea temperature...) 
rather than requiring the high 
temperatures of a furnace. The hammer 
has an impact region made of precisely 
aligned hydroxyapatite crystals. Behind 
this is an area of spiralling layers that act 
as shock absorbers. Each layer sits at a 
.slightly different angle from the layer 
below and this helical structure prevents 
cracks from spreading. Last year, 
researchers at the University of 
California, Riverside, the University of 
Southern California and Purdue 
University received a $7.5m grant from 
the US Department of Defense to develop 
this work further, 

A number of research teams have also 
proposed novel successors to Kevlar. 
These substances are based on spider silk, 
graphene, nanocellulose and even 
the gloopy .slime produced by a sea 
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These have a cavity on the front that makes them expand when 
they strike an object, creating more damage than a round-nosed 
bullet. This fragmentation also decelerates the bullet to reduce the 
penetration depth. While hollow-point bullets are banned for military 
use. they are widely used by police and law enforcement agencies in 
Europe and the US as a way of instantly stopping hostile subjects. 




This 25mm grenade is designed to 
explode into fragments. It is aimed close 
to. rather than at. the target and a timed 
fuse tells it when to explode based on the 
calculations of a small computer located 
inside the grenade. 





DARPA has developed this device for 
snipers, It uses a real-time guidance 
system to change its path and home in on 
a target Inside the .50 caliber round is an 
8"bit computer, which steers the device by 
moving small fins attached to its body. 






These are generally created for rifles and pistols. They 
have a pointy penetrator that's usually made from 
tungsten, tungsten carbide or steel. The high-density 
material is designed to keep its shape to carry the 
maximum quantity of energy deep into the target. 




These are pyrophoric, which means that 
they ignite spontaneously in air. They are 
self-sharpening on impact, resulting in 
intense heat and energy focused on a 
minimal area of the targets armour. 



“The project 
involves building 
computer models of 
all kinds of ballistic 
materials down to 
an atomic scale” 





O creature called a hagfish. Nevertheless, it is ultra high 
molecular weight polyethylene (UHMWPE) that is 
gaining the most attention. UHMWPE is similar to the 
polymer used in plastic bags. But whereas the polymers in 
bags are arranged in a higgledy piggledy fashion, the fibres 
in UHMWPE are spun from a gel to stretch and align the 
strands. Made in this way, the material has a strength-to* 
weight ratio 8 to 15 times higher than steel, although one 
disadvantage is that it starts to break down at 
temperatures over 130‘’C. 

UHMWPE could be made even stronger if the 
lengths and ends of these aligned polyethylene 
molecules (the fundamental building blocks of the 
fibres) were ‘tidier’, explains Lorenzo lannucci. Royal 
Academy of Engineering Chair in multi-scale armour 



design and Professor in Advanced 
Aerospace Structural Design at Imperial 
College. “They currently look like curly 
spaghetti, which weakens the structure. 
Everyone is looking to gain better control 
of the mass production process to improve 
this. I f this was possible, we could raise the 
strength of the fibres two-fold,” he says. 

lannucci’s laboratory has facilities to 
fire projectiles with speeds up to 
l,400m/s, more than four times the speed 
of sound, using a gas gun. High-speed 
cameras take photographs at one million 
frames per second to show the progress of 
fragments and the damage they cause to a 
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sample - even as far as seeing the evolution of damage and 
individual shockwaves. 

lannucci is one of a number of British scientists working with 
the DSTL and ARL to design new protective materials for 
perceived future threats as far ahead as 2040. Dubbed MEDE 
(Materials in Extreme Dynamic Environmcnt.s), the project 
involves building computer models of all kinds of ballistic 
materials - polymers, metals, and ceramics - right down to an 
atomic scale. 



DRESS TO IMPRESS 

“We want to be able to simulate the performance of an entire 
ballistic vest based on models that came from information at an 
atomic level,” explains ARL’s Dr John Beatty, who is in charge 





Limpet teeth have to 
be strong to allow 
them to scrape 
rocks while feeding 




of the MEL^E project. In contrast, 
commonly used computer models of 
ballistic performance are currently based 
mainly on experimental data. This data 
comes from firing bullets at various 
materials rather than knowledge of 
how atoms behave. 

Beatty's researchers have recently 
made a breakthrough in developing fast 
and accurate equations for how 
individual atoms in polymers interact. 
This makes it feasible to simulate 
millions of polymer atoms interacting at 
once on a computer Previously, it was 
only possible to look at roughly a 
thousand atoms in this wav. 

“These new models seem very accurate 
when wc compare them with quantum 
mechanical calculations as well as with 
experimental data,” says Beatty. 

The US Army Research Laboratory’s 
own polymer processing plant will be 
starting up this year. In 10 years, Beatty 
expects to have developed the 
fundamental science for designing most 
classes of protective materials. But what 
of the threats Beatty and his colleagues 
are expecting to be combatting in 2040? 
They’re classified, ■ 



CHRISTINE EVANS-PUGHE is a science 
and technology journalist who has written for 
The Guardian and The Economist 
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ANTHROPOLOGY 




region when he noticed a jawbone 
poking out of the sediment. 
Something about it caught his eye 
so he went over to uncover it, and 
knew he’d spotted something 
fantastic. His enthusiasm was 
justified: in March 2015, 
researchers studying the fossil 
announced in the journal Science 
that the bone is around 2.S 
million years old, 



NE MORNING IN 
January 2013, 
Chalachew 
Seyoum, a 
graduate student 
in anthropology at 
Arizona State University, made an 
astonishing chance discovery. He 
was walking up a plateau during a 
field trip to the Ledi-Geraru 
research area in Ethiopia’s Afar 



MODiRN^QMANS 



rossu Touna in ttniopia couia pusnme emergence 
of the Homo genus back by half a million years. 

digs Into our history 
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O To the untrained eye^ the jawbone doesn't 
look like anything special: it's a few 
centimetres long and has five teeth jutting out of it. 
However, it appears to combine primitive and more 
evolved features. At the front, its chin region is 
thick and receding. This is similar to the earlier and 
possibly ancestral species Aiistratopft/iecirs 
afarensis that lived 2,9 to 3.9 million years ago (the 
most famous example of which is the 'Lucy' 
skeleton found in Ethiopia in 1974), However, 
further towards the back the jaw becomes more 
human, in the shape of its premolar and molar teeth 
and in its reduced thickness. This suggests it is a 
form of Homo, and that this creature was changing 
its diet and behaviour in wavs that made it more 
like those of later humans. 



A TIME OF TRANSITION 

Associated evidence indicates the new find comes 
from a drier, more open environment than was 
typical for Lucy’s species, so perhaps these earliest 
known humans were moving into more open 
country. William Kimbel, Director of Arizona State 
University’s Institute of Human Origins, thinks the 
find helps narrow the evolutionary gap between 
Australopithecus and early Homo. “It’s an excellent 
case of a transitional fossil in a critical time period 
in human evolution,” he says. 

But how certain are we that this fragmentary 
jawbone represents a human, and where might the 
fossil fit in the bigger picture of our origins? 
Human skeletons are characterised by small jaws 
and teeth, and large brains and long legs. This 
corresponds with our behaviour of toolmaking and 
meat-eating. The Ledi jaw may look human in the 
parts preserved, hut, thanks to the absence of a 
more complete skeleton, we cannot determine its 




in a modern human. 



are similar in shape to those found 



similar to A. africanus, an extinct hominid 
thought to be an ancestor or close relative of the genus Homo. 

suggests the bone belonged to an early 
form of the genus Homo. 




brain size and leg length. We can only guess as to 
whether it was making tools or eating meat. 

We have to move on another million vears after 
the Ledi jaw before we can be confident that ail 
those features were in place, with the species Homo 
erectiis, known from East Africa and from Dmaiiisi 
in Georgia. Puzzlingly, living alongside Homo 
erectus in Africa there were two other species of 
human, Homo habilis and Homo rudolfensis, known 
from less complete fossil remains. Although it is 
less clear how like modern humans these other 
human species were in body shape, new studies 
suggest that both had relatively small teeth and 
jaws, and variably-sized brains. 

“Sophisticated statistical analyses reveal 
differences in the shape of the jaw between these 
early human species that are sometimes as large as 
the differences between humans and 
chimpanzees,” reports researcher Dr Philipp Gunz 
from the Max Planck Institute for Evolutionary 
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TIM 
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OF ANCIENT REMAINS 








OLDUVAI HOMINID 7 

A lower jaw, skull and hand bones from 
Homo habitis were found in Olduvai 
Gorge, Tanzania in 1960 






KNM-WT 15000 

A skull and partial skeleton of 
Turkana Boy’, a Homo erectus, 
were found in Nariokotome, 

Kenya in 1984 







years old 



ATD 6-5 

A lower Jaw from a type of Homo antecessor was found 
in Gran Dolina, Spain in 1994 














TRINIL 2 

A skull cap from a type 
of Homo erectus was 
discovered in Trinil, 
Java in 1891 




years old 







years old 



MAUER 1 

A lower jaw from a type 
of Homo heideibergensis 
was found near Heidelberg, 
Germany in 1907 



mw 

% 







BROKEN HILL 1 

A type of Homo rhodeaensis 
was found in Zambia In 1921. 
Some believe it is the same 
species as H. heideibergensis 



FELDHOFER 1 

A skull cap and partial skeleton of a type of Homo 
neandertha/ens/s was found in Meander Valley, 
years old Germany in 1856 

LB 1 

A skull and partial skeleton 
from a type of Homo 
floresiensis was found in Liang 
Bua Caves, Indonesia in 2003 years old 







Anthropology in Leipzig, Germany. So how do 
these different forms of earlv human relate to each 

other, and how did thcv evolve? 

A SINGLE ANCESTOR? 

This brings us to a crunch question, the answer to 
which could undermine the claim that all of these 
different species were truly human. Ls the diversity 
we see in East Africa 1.8 million years ago the result 
of evolution from a single ancestral form of Homo, 
such as the Ledi jaw, or could these different Homo 

«COULD 
THESE HOMO 
SPECIES HAVE 
EVOLVED IN 
PARALLEL?” 



species have evolved in parallel from separate, 
Australopithecine-like ancestors? 

It’s important to note at this point that Lucy’s 
species was not alone in East Africa 3.5 million 
years ago. There was also another pre-human form 
called Jfenyonf/i/’opus platyops. Jfenytmf/iropus had 
distinctively high cheekbones, like the famous 
T470’ .skull from Kenya - the type specimen of 
Homo nidolfensis. So some experts think that 
Kenyanthropiis could represent a potential ancestor 
for Homo rudolfensis, wh\]e Australopithecus 
afarensis and the Ledi jaw might trace a lineage 
leading to Homo habilis. 

So where did Homo ej’ectus come from? There is a 
2.3 million-year-old upper jaw from Ethiopia - 
AL666-1 - which looks most like Homo erectus, and 
could indicate a third ancient line of evolution to 
Homo. Tracing that line back in time to about three 
million years ago could reveal the true origins of 
the genus Homo, and might sideline the other 
claimed early human lineages. If, around three 
million years ago, several different kinds of 
Australnpithecines started to spend more time on 
the ground, walking upright for longer and longer 
distances and taking up regular toolmaking and 
meat-eating, could this have driven the evolution 
of human-like features, in parallel, in different 
parts of Africa from distinct ancestors? Perhaps 
another fortuitous find will bring us a step closer 
to the answer. ■ 



PROF CHRIS STRINGER Is Research Leader in Human 
Origins at the Natural History Museum, London 



JUNE 2015 /FOCUS/ 51 






ADNEUCOIMPl 6-03-1 5E 




Micronutrients with iron, zinc & iodine, 
which contribute to normal cognitive function 



Neurozan^ ls an advanced, comprehensive 
formula to help safeguard your daily 
intake of essential vitamins and minerals. 
Including iron,zinc and iodine which 
support normal cognitive function 
and pantothenic acid which supports 
normal mental performance. 

Neurozan'^ Original contB'ms a specially 
developed combination of nutrients and is 
certified by Food For The Brain. 

Neurozan"^ Plus dual pack provides even 
greater nutritional support with high purity 
Omega-3 from Norway.iS DHA helps to 
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In a new book, a former CIA 
officer reveals how to get 
anyone to tell you the truth. 
Jo Carlo we uncovers the 
tricks of the trade... 



S OCIAL PSYCHOLOGIST 

Jerald JelHson famously 
claimed that humans arc 
lied to 200 times a day. 
Little wonder, then, that 
reams have been written 
on how to spot a liar. But 
what do you do if you think someone 
has told you a fib? How do you 
convince them to tell you the truth 
when it may be in their best interest 
to lie? Well, former CIA officer 
Philip Houston, co-author of Get The 
Truth, believes he knows how. 

In his 25 -year career with the CIA, 
working as both an investigator and a 
polygraph examiner, he has eked 
confessions from some of the most 
entrenched liars, including terrorists 
and spies. And he says the techniques 
he uses in real-life counterterrorism 
and criminal investigations are 
applicable to all of us in our daily 
lives. There are methods that we can 
use in real-life situations to get a 
partner to admit to an infidelity, or a 
child to confess to a misdemeanour. 

Surprisingly, the way to the truth 
has its roots not in relationship 
psychology, but in the science of 
persuasion. We obtain the truth by 
getting people to use short-term 
thinking. A shopping channel 
presenter, for example, will never 
say, “pick up your chequebook” 
because that will get viewers 
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PSYCHOLOGY 




thinking about their finances (or lack 
of them). Instead, they will say, “pick 
up the phone”. Likevvise, agents in pursuit 
of the truth will do everything in their 
power to stop you thinking about the long- 
term consequences of your actions. And 
both salespeople and investigators use a 
‘sales pitch’ to get you to switch focus 
away from your own goals and onto theirs. 



SELL THE TRUTH 

In the ca.se of the criminal investigator, 
the ‘sales pitch’ is actually the 
interrogation. This differs from the initial 
interview, which is a dialogue in which 
the investigator asks questions and the 
suspect responds. By contrast, the 
interrogation is a monologue in which the 
investigator does most of the talking. It is 
akin to the marketer’s sales pitch, but 
instead of a product, the investigator 
is selling the idea that telling the truth is 
the only way forward. 

“The interview is often not effective 
because each question is another 
opportunity to lie. With every lie the 
person tells, they become more 
psychologically entrenched [committed] 
in maintaining the lie,” Houston explains. 

To overcome this, the interrogator can 
switch to a monologue to lead the person 
into short-term thinking, causing them to 
become temporarily more focused on the 
rationale provided in the monologue than 
the long-term consequences. 

“if a person is truly thinking clearly and 
logically, they should never confess - 
confession is a losing proposition for 
them," admits Hnu.ston. “When we are 
training law enforcement officers, we 
often joke that in the interrogation, they 
have to become an 8ft x 10ft [2,4ni x 3m] 
condominium salesman. That is extremely 
difficult real estate to sell, but the concept 
of short-term thinking is so 
psychologically powerful that it makes 
their monologue effective and successful." 

The methods are universal and can be 
used to elicit the truth from anyone - not 
just hardened criminals. And it turns out 
that the truth is not so hard to reach, 
because humans actuailv like to unburden 
themselves. Indeed, a Canadian 
neuroiniaging study from 2014 revealed 
that our cortical reward system is more 
active when telling the truth than when 




Beating up suspects 
and instillmg fear is 
not an effective wav 
to achieve a truth^i 
confession 






Know someone is 
iying? You might not 
need to dust off the 
old polygraph machine 
to get a confession 
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Psycholcrasts asked participants to roll a die and to report thS 9 Tesultto.det 0 "reb their payJtttose 
given a short amount of time to report the outcome war^c^ likely th lie. Experts suggest that 
when given more time, individuals are urstte to inwardly justify lying and so they tell the truth. 
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Children lied to by adults are also more likely to lie. In one study, children were told there were 
sweets in another room. When the kids discovered there weren’t any sweets, they were more 
likely to cheat and lie in a subsequent task than children who were not Red to at the outset. 
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We are more likely to lie in the afternoon than the morning. Studies show that we are 20 to 50 per 
cent more likely to be dishonest in the afternoon, by lying and cteating more in various tasks. Experts 
put this down to ‘psychobgteal depletion' - as the day weans on we become cognitively weaker. 
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Studies show that 60 per cent of people lie at least once during a short conversation with 
someone new and on average tell two to three lies. Women are more likely to lie to make the other 
person feel good, while men are more likely to lie to make themselves look better. 




During his 25-year CIA 
career Philip Houston 
extracted confessions 
from seasoned spies 
and terrorists 



lying. In other words, we get more 
satisfaction from being honest. 

''We tap the very same principle in 
every interrogation scenario we 
encounter, whether the aim is to get a 
terrorist to disclose the details of a bomb 
plot, a serial killer to confess to a murder 
or a child to admit thev didn't do their 
homework,” .says Houston. The key to 
success is to transfer to the monologue the 
moment you are confident that you are not 
being told w'hat you need to know. 

“'Remember, the more you que.stinn 
someone who is lying, the more 
psychologically committed to their lie 
thev become,” warns Houston. 

GOOD COP 

So how do you switch from a friendly 
dialogue into the more serious 
monologue? Houston recommends you 
make what’s known as a ‘transition 
statement’ that is a Direct Observation of 
Concern (DOC), an example being: 
“Something is clearly on your mind.” 

“The DOC is critical. It sends the simple 
message in a non -adversarial tone that 
everything the person has done to try to 
get away with the act of wrongdoing has 



failed. It psychologically orientates the 
person’s thinking to the realisation that 
they need a new game plan, and the 
interrogator is perfectly positioned to 
provide that game plan via their 
monologue.” In essence it says: ‘You have 
failed .so don’t think your way any more 
- think my way’. 

In the ‘interrogation phase’ it is more 
effective to use statements rather than 
questions. “If you ask a question, it signals 
that you still don’t know if they’re guilty, 
so they still have a chance to convince you 
they’re not,” says Houston. 

Statements suggest that the truth is 
a given. As more facts come into play, you 
can make your proclamations stronger, 

‘I know the who, I km)w the what, now 
I need to understand the why’, is an 
especially useful statement. 

“This particular approach is very 
effective because it causes the person to 
ask themselves ‘whv is the whvso 
important?' The answer is often a 
realisation that the ‘why’ could influence 
the severity of the consequences,” says 
Houston. “As a result, the person often 
initially fabricates or fudges on the ‘why’. 
That’s okay, because virtually any 
explanation of ‘why’ equals an 
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admission of guilt. Once we have the 
confession, we can coax the real 
motivation out of them/' 



In a professional interrogation, the 
investigator md.y introduce a Direct 
Observation of Guilt (DOG) such as: “We 
can't eliminate you from our suspects/' 
However, Houston only recommends the 
layperson uses the IT^OG if they have 
irrefutable evidence on which to base it. 

When giving their monologue, CIA 
interrogators will minimise, rationalise 
and generalise the act of wrongdoing in 
order to bring the person closer to a 
confession. Statements like: " Wc'vc all 
been there’ or 'It's not the end of the 
world' are not unusual. A studv from the 



Want the truth? Don't 
shout and yell at 
people - it will only 
make them Jump on 
the defensive 



n: 













University of Montreal's School of 
Criminology found that methods such as 
minimisation are effective at getting 
suspects to open up* Houston believes 
these techniques are permissible but must 
be tailored to suit the seriousness of the 
situation and likelv outcome* 










“I would encourage parents to avoid 
using minimisation to the degree that 
they leave their child feeling they have 
been hoodwinked. They also don't want to 
leave their child with the impression that 
this is how normal life is handled* This 
approach is reserved when there is 



significant deception and the truth is 
critical to resolution/' he says. 

Unlike Houston, few of us will be faced 
with situations in which getting to the 
truth is critical to national security, hut 
there will be plenty of other times when 
these methods can come in handy. Some 
useful transition statements to elicit the 
truth in your personal life include the 
following: 

1 . You suspect your partner of cheating on 
you. ‘Everyone makes mistakes, we're all 
human, we all make mistakes. What 
determines the future is not the mistake 
but how one handles it.’ 

2. You suspect your child of hiding 
.something from you, ‘Before you say 
anything, you need to understand that 

1 need the whole story here. Anything less 
isn’t going to work.’ 

3. You feel a colleague has been deceptive. 
‘I understand how things happen, 
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You need the person 
not to dwell on the 
consequences of their 
actions, otherwise 
they'll worry about job 
loss, divorce etc. To 
achieve this, minimise 
the seriousness of the 
situation \A/Ith statements 
such as: ‘It’s not the end 
of the world’ or 'It's a 
fixable problem'. 
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Make the person 
feel that there are 
odiers In the same 
boat, so they don't 
feel isolated. This 
can be done with a 
monoit^e that includes 
statements such as: 
'It’s nothing I haven’t 
dealt with before' or 
■|n our world, this is 
the sort of thing that 
happens al the time'. 
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Gompfetely truthful to ^u. 
Rene is an example of a 
useful statement: This is 
a fixable problem. To fix it, 
we J3^ to ^t everything 
onto the table. That's the 
onlv way'. 



Ask qu^ons such as: 
Something is clearly on 
ypyr rpind' or 'Help me 
dhl^^nd what I am 
ihlsslhgfi With more facts, 
mate the trarisition to a 
direct observation of guilt: 
'( know the what and the 
who, but I need'tp know 
the wf jiyi^jstfo hger still: 
‘Baseo^^g^ctii ITis 
cleai 
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If you rant, the person will 
focus on your behaviour 
rather than dieir own and 
become resistant. Choose 
your words carefully. 
For example, 'you took’ 
rather than ‘you stole’, 
otherwise you'll conjure 
fears of job loss or prison 
and the person vyij 
become d^hsive. 



however, it would be really helpful for me 
to have real and candid feedback 
regarding this situation.’ 

In all cases, the statement has to be 
delivered in a respectful and low-key 
manner. Houston says that we should 
‘SEL’ ounselvcs if taking this approach. 
That means Slow your rate of speech, 
Engage by orientating your body and your 
focus on the person (but not in a 
challenging way) and Lower your voice by 
speaking softly. 

! n short, what you are doing is 
compel ling the other person to move from 
wanting to deceive you to feeling 
compelled to tell you the truth. And it is 
all done without threats or violence. 

In recent years, the CIA has been 
accused of using much more brutal 
methods in its interrogati(ms, particularly 
with al-Qaeda suspects following the 
September 11 attacks. 



Torture i.s prohibited under the Geneva 
Conventions and in international human 
rights laws. But perhaps the greatest 
argument against torture is its 
ineffectiveness. In December of last year. 
The Senate Intelligence Committee 
concluded that the CIA’s ‘enhanced 
interrogation techniques’ produced either 
no intelligence or ‘fabricated information’ 
that resulted in faulty intelligence. 

“The lessening of fear by relying 
on the monologue and short-term 
thinking is more powerful and effective 
than instilling or increasing the fear,” 
agrees Houston. 

Indeed, the notion that good cop is 
better than bad cop is supported by 
science. A study by Michel St-Yves and 
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‘Good cop' CIA 
teefinrques can help 
you extract the truth 
from anyone... no 
matter how young 




Nadine Deslauriers-Varin from the 
University of MontreaPs School of 
Criminology found suspects were more 
likely to confess if they had a good rapport 
with their interrogator, According to the 
researchers, getting criminals to admit 
their guilt is *an art form' that relies on 
finesse rather than coercion. 

Getting physical might elicit a 
confession of sorts, but it won't bring 
you the truth. Convincing a person 
through charm and guile will. ■ 



JO CARLOWE is a science journalist who 
writes for The Times and The BMJ 



Find out more 



6et The Tmth 

by Philip Houston. 
Michael Floyd and 
Susan Carnicero, 
Icon Books. £12.99 
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To listen to The Truth And 
Nothing But The Truth, 
visit www.bbc.co.uk/ 
programmes/bOIsJIsy 
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MICROBIOLOGY 




A new study paints a surprising picture of the 
microbes found around the home. Tom Ireland 
discovers that each family has their own 
personal zoo of bacteria... 



H uman beings are 

increasingly seen by 
scientists as walking 
microbial ecosystems. 

Our bod ies contain up to 
10 times as many bacterial 
cells as human ones, and we each 
deposit a unique blend of bacterial 
cells everywhere we go. 

Microbiologists are only just 
beginning to understand how the 
trillions of organisms tliat live in and 
on our bodies affect our digestion, 
immune response and behaviour. And 
an emerging area of study is looking at 
how bacteria we deposit around us 
interact with the buildings we inhabit. 
After all, some studies suggest people 
now spend between 22 and 23 hours a 
day indoors - and nearly 70 per cent of 
that time is spent in our homes. 

Researchers from the Home 
Microbiome Study recently assessed 
the microbial communities associated 



with seven families and their homes 
over six weeks, including three 
families that moved house. They 
found that we quickly spread our own 
‘microbial signature’ throughout the 
places we live. By sequencing the 
DN A of bacteria in the home, the 
researchers were able to create a 
picture of the genetic diversity of 
microbes in each environment - its 



‘microbiome’ - and compare how 
genetically similar bacteria were to 
those found elsewhere. 

The bacterial flora of each 
household was so unique that 
researchers were able to accuratelv 
match individuals to their dwellings 
- even when their 'home' was in fact 
a hotel room thev'd only recently 

w* ■> ^ 

moved into. Not only did all the 
houses contain very different bacteria 
from each other, the study also 
showed that when families 
moved, their microbial signature CS 




60 /FOCUS /JUNE 2015 









. 


• J 

i 


[ i 




r 


4 

> 




. 1 ; 


? ;- 




4 ■ 


t ^ 

4 , 


. 


f ■ 

1 1 


1 

i 


, i 


: 


, i 













o 

CQ 



CE 
I — 
LO 



>- 

o 

CO 

CD 

CD 



OD 

CD 

QC 



CD 

C3 

CD 

LU 

QC 

O 



CO 

ce; 



□c 



CD 



C3 

CD 

o 

CD 

o 

I — 

o 

ni 

□- 



O quickly re-established itself in 
the new location, 

Simon Lax, a co-author of the study from 
the Department of Ecology and Evolution 
at The University of Chicago, says the 
reason our bacteria dominate the places 
we live is simply because there are few 
other routes bv which bacteria enter those 
buildings. “Almost all of the bacteria in the 
home can be traced back to the 
inhabitants. Tfyou have humans constantlj' 
coming into a home, then they are the most 
common source ofhactcria,” he says. 

What’s more, obsessive cleaners might 
want to rethink their strategy; the study 
suggests that the more people potter 
around the house cleaning, the more 
bacteria they deposit. The best thing they 
could do to reduce the amount of microbes 
in their homes, Lax says, is not be there. 
“When you think of what people’s homes 
are made from, thev are mostly relatively 
new materials that bacteria haven’t 
evolved to live and thrive on. These homes 
would normally have quite a low bacterial 
biomass until someone comes in,’’ he says. 

The idea of stepping into someone clse’s 
house, knowing it’s teeming with the 
microbes of its inhabitants, may be 
unsettling to some. The way we constantly 
share microbes with people is something 



few people think about, but anyone 
spending a long time in a room full of 
people is likely to come out with a 
microbial flora more like the crowd’s than 
their own. However, it might also be 
strangely comforting to know that the 
bacteria in any room vou inhabit is likelv to 
he 99 per cent ‘yours’ within 24 hours of 
you moving in. “The colonisation of a room 
is almost instant,” says Lax. “Then a few 
davs after a family leave, their bacterial 
signature diminishes again.” 

As part of the study, researchers took 
thousands of samples from inhabitants’ 
noses, hands, and feet, and from various 
places in their homes: the kitchen floor, 
worktop and light switch, the bedroom 
floor, bathroom doorknob and front door. 

We may like to think certain places in 
our houses are cleaner than others, but the 



According to Simon Lax at The University of Chicago, we can 
only reduce the microbes In our home by not being there 



“Obsessive cleaners might want to 
rethink their strategy: the study 
that the more people potter around 
cleaning, the more bacteria they deposit" 
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team actually found that different places 
within family homes were more alike 
microbialiv than the same locations in 
different houses. In other words, the 
bacteria on vour kitchen table are more 

V 

similar to the ones in your bathroom than 
the ones on your neighbour’s kitchen table. 



irS A FAMILY AFFAIR 

who we live with and what we do also 
plays a key role in determining which 
bacteria take up residence in our homes. 
The study found that people sharing a 
home are more microbially similar to each 
other than those not sharing a home. The 
hands of young couples and couples with 
children were especially similar, thanks 
to regular physical contact. But there’s one 
area of the bodv where we are each more 
individual: the nose, 

“The nose is fairiv stable environment 
that may be more unique to each person,” 
says Lax. “But for places like the hand, it 
really comes down to what you’ve been in 
contact with, what you do for a living, who 
you’ve met, whether you live in the country 
or in the city. It’s more of a lifestyle thing 
than anything genetic.” 

Although the bacteria found on people 
and their homes were always highly 



correlated, houses were not necessarily 
closely matched with the bacteria of their 
pet. The presence of a pet does, however, 
hugely expand the diversity of bacteria 
found in a home. Samples from homes with 
pets contained more proteobacteria, a class 
of microbe that contains many well-known 
pathogens including Sa/mone/Za and 
E. coli. While that mav sound like a bad 



thing, the more we understand microbial 
diversity the more we find that it helps us 
in more ways than it harms us. Exposure to 
varied bacteria at a young age is important 
for the development of a healthy immune 
svstem, for instance, 

“It's not really a case of one house being 
more unhygienic than the other,” says 
Lax. “But what we know isn’t good for 
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MICROBIOLOGY 




Our perception of hygiene often bears little relation to the reality of what microbes 
live where. Here’s a rundown of some of the most colonised areas 







Stove 

knobs 




Percentage of 
homes where 
colifoims (faecal 
bacteria} were found 
on kitchen items. 





more bacteria is in the human digestive tract 
than there are celis in the human body. 




of human saliva has 150 million bacteria - equivalent to 
the amount found in one litre of Thames water. 



An iPad typicaliy 
houses 30 
times more 
Staphylococcus 
aureus, the 
bacteria that can 
cause MRSA, 
than a toilet seat. 
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One sneeze 
can increase 
the amount of 
Sfap/iy/ococcus 
aureusinthe air 
by five times. 








bacteria are harboured on human skin, 
which is 10 per cent the total number of 
cells that make up the human body. 



MICROORGANISMS ON 
HOUSEHOLD OBJECTS 
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O babies and young children is only 
experiencing the microbiome of their 
own environment and the bacteria of their 
parents/' he says. It's a bewildering 
concept - not only that we are covered 
head to toe in this strange microbial 
mixture, hut that it might actually be a 
vital part of a growing family's health. 

The Home Microbiome Project is the 
first study to trv to see families, their 
microbes and their homes as complex 
interacting ecosystems. Research has 
traditionally focused on where and for how 
long bacteria survive in the home, and also 
how to eradicate them. This new approach 
may contribute towards a fuller 
understanding of what a healthy home is 
- for example, what levels of bacter ia can 
help develop a healthy immune system and 
what levels may constitute a health hazard. 
The team’s next aim is to scale up its 
investigation and survey the microbiome 
of hospitals. “We are now taking this 



approach and applying it to environments 
where the health implications are much 
higher,” says Lax. “We’ve seen hospitals 
with identical lavouts and identical 
cleaning methods, so it can only be the 
different people that affect the bacterial 
samples found there. And in a hospital 
environment, there really are such a thing 
as good and bad microbiomes.” 

A NEW UND£E)STAND!}S& 

As our understanding shifts from a fear of 
all bacteria to an understanding of their 
role in ecosystems, our approach to 
tackling infection is likely to change. 
Attempts to simply wipe bacteria away 
seem increasingly futile. Indeed, some 
bioscience companies believe sprays 
containing ‘good bacteria’ maybe a more 
effective way of preventing dangerous 
human pathogens from taking hold in 
certain places. 



More projects measuring the impact of 
microbes in the built environment are 
planned. Some even involve architects, 
who hope that future buildings can be built 
to encourage a healthy microbiome, or 
species that absorb pollutants from the air. 

For Lax, the results of his study have 
opened his eyes to the unseen microbial 
mark humans make wherever they go. “I’m 
not grossed out by it, but it definitely 
makes you think. Am 1 leaving my 
signature behind when I visit this house? 
Am I changing what bacteria live here?”. 

in time, perhaps we will all conic to see 
our house’s bacteria not as dirty intruders, 
but welcome guests - perhaps even tiny 
members of our extended family. On the 
sofa tonight, sit back and relax in the 
knowledge that it’s just you, your family, 
and a trillion bacteria that seem to enjoy 
your company in particular. 

It’s true what thev sav - there really 

•H’ 

is no place like home. ■ 



TOM IRELAND is managing editor of The 
Biologist, the Society of Biology magazine 
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Listen to A Natural History 
Of Melon the human 
microbiome at bbc.co.uk/ 
programmes/bOlrvpkb 
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SPECIAL 

AND FOR ALL READERS 



feeto** 

Our customers rate 
our excellent service 






The best 



energy 
device ever? 



Experience an invigorating shower like no other - 
saving you water, energy and money! 



Not sure which one is 
right for you? Call one of our 
friendly experts on 0208 211 3666 
- who will be more than happy to help, 



I ntroducing the Jetstorm - the newest addition to our 
groundbreaking range of revolutionary water-efficient 
shower heads from Ecocamel. With several years of 
scientific research, we have been able to produce 
a shower head that instantly increases pressure and 
performance to create an exhilarating shower experience, 
whilst using significantly less water. So confident are we 
that you*ll love your new powerful shower, we*re offering all 
readers a 30-day money back guarantee*. Plus for a limited 
time only, 40% off the RRP + FREE p&p. 

The science 

This pioneering new shower head is called the Jetstorm because 
of its patented dual valve 'AIrCore' technology. Developed to 
infuse a storm of minute air bubbles into each droplet which 
are then blasted, jet-like, onto your skin... we guarantee you'll 
increase your shower's power instantly and reduces your water 
consumption considerably! The droplets - now bursting v^rith 
air - are so much lighter than normal and, rather than just 
bouncing off you. they saturate and spread all over your body - 
a sensational experience. 



Suitable tor all srioiuer systems 




Save more than just water 

These are tough economic times - with a 'trlpfe-dip' recession 
looming and energy prices set to rise by up to 19%, everyone 
is trying to cut their costs. The Jetstorm not only helps cut your 
water bills but reduces your energy bills too! Using less water 
means using less energy to heat it. saving you ££££s on your 
energy bills - SIMPLE! 

Do I have to call a plumber? 

Absolutely not. it reaily could not be easier. It takes Just a few 
seconds to unscrew your existing shower head and pop on your 
new water-efficient Jetstorm. 



Which Jetstorm is right for me? 

If you have a normal gravity, main-pressure or pump system Just 
order the Original Jetstorm. !f you use a low-pressure system or 
electric shower, ask for the Jetstorm E. 




RITISH inVERTIOn 

nnc Dcs^cn 

by Robin Whitfield 





LUater 

7super poujer : 
sucTioncups i 

Great bathroom storage solutions. | 
View our entire range oniine at i 

uuujuu.ecocamel.co.uk I 







Don't just take our word for it, 
read what the experts say... 

“My husband grudgingly admits the new model 
works better than the conventionoi shower head, 
so iVs staying on the shower - much to my and the 
househoid pursers deiightr 

Sarah Lonsdale - Sunday Telegraph 



Good Housekeeping Institute 

“Definiteiy one of the simpiest ways to make financial 
savings in the home without having to make too many 
changes fo your routine. ” 

Justin Harper - Daily Mail 

Even hotels are cashing in! 

"/ made my decision to use Ecocamei for two reasons: firstiy 
the savings i made - the Ecocamei shower heads wiii save me 
annualty over £4,000 of combined energy and water costs per 
hotei. Secondly the shower head gave a very refreshing and 
excellent experience which is very importan t to ourguestsJ* 

Mr. T G. General Manager, The Days Inn Hotel, Hyde Park 

“I am delighted, the payback on the initial investment has 
been under 9 months, which speaks for itself Adding to this 
commercial benefit is the showering experience an Ecocamel 
shower head gives, which has been commented on by many 
of our customers.*' 

K. Sawbrldge, Ops Director, Alfa Leisureplex Holiday Group 




Call 



or visit 



QUOTE BFOC390 




Or fill out the order form below and send to: ECOCAMEL Ltd, Dephna House, 24-26 Arcadia Ave, London, N3 2JU 

*Use an Ecocamel shower head for 30 days - if you are dissatisfied for any reason, then please return to us for a full refund. 



Ydu 

img 



3 






in 



1 X Jetstorm £29.95 + FREE P&P 

(please circle for Jetstorm E} 

1 X Jetstorm £29.95 + 1 x hose £3.95 

(please circle for Jetstorm E) 







_ 2 X Jetstorms £49.95 + FREE P&P 

(please circle for Jetstorm E} 

2 X Jetstorms £49.95 + 2 x hoses £795 + FREE P&P 

(please circle for Jetstorm E) 




riD TOTRL: 











> 



I enclose a Cheque/PO made payable to Ecocamel Ltd 
or pay by crediVdebil card; 

Card . 

No, I 



Start Date Expiry Dale 



/ 




Post to: ECOCAMEL Ltd, Dephna House, 24-26 Arcadia Ave, London, N3 2JU 







Name 

Address 



BF0C390 



Postcode 

Emait 

Telephorie 

If you do NOT wish to receive further SPECIAL OFFERS from us. or from companies 
wc recommend, please lick this boxQ 











SUSAN 

BLACKMORE 



)^. Susan is a visiting 

ih psychology 

professor at the 
( University 

\ of Plymouth. Her 

j’l books include The 

Meme Machine 




DR ALASTAIR 
GUNN 

Alasteir is a 
radio astronomer 
at theJodrell 
Bank Centre for 
Astrophysics at 
the University of 
Manchester 




ROBERT 

MATTHEWS 

After studying 
physics at Oxford. 
Robert became a 
science writer. He's 
a Visiting Reader 
in Science at Aston 
University 





GARETH 

MITCHELL 

Starting out 
as a broadcast 
engineer Gareth 
now writes and 
presents CM on 
the BBC World 
Service 




LUIS 

VILLAZON 

Luis has a BSc in 
computing and an 
MSc in zoology 
from Oxford. His 
works include 
How Cows Reach 
The Ground 



EMAIL YOUR QUESTIONS TO 






:efocus.com 



or post to Focus Q&A, Tower House, Fairfax Street, Bristol, BS1 3BN 







THAT ACCOLADE GOES 
to the Hyundai Heavy 
Industries shipbuilding facility 
(pictured) in the South Korean 
city of Ulsan. Built in the 1970s, 
the yard covers an area of 7.2 
square kilometres. Its 10 dry 
docks turn out on average 80 



vessels per year, comprising 
about 16 per cent of the global 
shipbuilding market. The 
massive Ulsan yard is 
incredibly versatile too, 
producing oil tankers, military 
vessels, container ships and car 
ferries, gm 
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is thought to be the max. number of mature 
European sturgeon in the wild. In the worst 
case scenario, the figure may be as low as 20 



JOHN SIMPSON, BURGESS HILL 



SERENA SMITH. ST ALBANS 

Will supersonic flights 
ever make a comeback? 

■ * I » * , 



The SonicStar will hold no 
mom than 20 passengers. 
You can guarantee one will 
be a screaming baby 




Why aren’t planets 
overcome by the Sun’s 
gravitational pull? 

THE PLANETS DON’T crash into the 
Sim because they are moving too fast. 
Gravity pulls the planets towards the Sun, 
but the planets are also moving around 
the Sun. The sidewavs motion balances 
tlie force of attraction so that the planets 
don’t move appreciably in the Sun’s 
direction. In effect, the planets are 
constantly falling towards the Sun but 
always miss! Without the Sun’s gravity to 
pull it ‘down’, the Earth would career off 
into space. Or, putting it another way, if 
the Earth stopped moving it would crash 
into the Sun. You can create a similar 
effect by swinging a large spring with a 
weight attached to one end. If you swing 
it fast enough, the spring won’t stretch, 
unless it goes faster. But if it slows down, 
the spring will pull the weight in. AG 




Ef WITHIN AT LEAST the next 
generation, the answer has to be ‘very 
unlikely’. To understand why, one 
hardly needs to look further than the 
Airbus A3 SO. The trend in aviation is to 
increase efficiency of aircraft, not speed. 
It’.s partly an equation of bigger planes, 
and thus le.ss energy per passenger 
per kilometre. But the massive A380 
also gains economies with its light 
carbon fibre frame, advanced avionics 
and engines with large air intakes 
that burn fuel more efficiently than 

li* 

smaller turbofans. Yet firms such as 



the UK’s HyperMach believe they can 
achieve hypersonic speeds at subsonic 
efficiencies by cruising at twice the 
altitude of conventional aircraft where 
the air is thinner. Hypersonic is fa.ster 
than supersonic, and is generally defined 
as Mach 5 and above. 

HyperMach plans to fly a prototype 
of its SonicStar plane in 2023. But even 
then, it will not quite be the beginning 
of fast air travel for the masses. The 
first planes would be executive jets, 
which would open up two-hour Atlantic 
crossings - but only to the mega rich, gm 





TOM BELL, SALFORD 



Is there a way to walk across 
slippery surfaces without falling? 




RECENT RESEARCH AT the Salk 
Institute for Biological Sciences in 
California found that we balance on 
slippery or narrow surfaces using 
clusters of RORa neurones in the 
spinal cord. These ‘mini brains’ 
process the huge amount of sensory 
information coming from your skin, 
muscles, inner car and eyes and 
make hundreds of tiny corrections 
per second. It’s a bit like the ABS 
in your car constantly watching for a 
skid and pumping the brakes before 
it happens. You can also reduce 
your chances of a fall by copying 
penguins. When you walk normally, 
your centre of gravity is only directly 
above the weight-bearing foot for a small 
part of each stride. If you waddle from 
side to side instead, your centre of gravity 
always stays above one foot or the other. 
This reduces the sideways forces and 
makes it much less likelv that vour foot 

mf mf 

will suddenly slip out from under you. LV 
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There's a serious 








glitch in The Matrix 



Q ALEX ROUND, LONDON 

Can deja vu be explained? 



HILARY GEE, CUMBRIA 

Why does turning 
a device off and on 
often soive issues? 

MANY DEVICES RUN some kind of 
computer code. The software often runs 
in a loop, executing commands repeatedly 
while the device awaits 
input. For instance, 
your screen constantly 
refreshes until you press 
a button. Sometimes, 
the code slips into a 
nnn-functional 
permanent loop that 
only breaks when you reset everything 
by switching the device off and on. GM 

SARAH JONES, LUTTERWORTH 

Why do cats 
like boxes? 




WOLVES, EAGLES, JACKALS, foxes 
and snakes prey on wild relatives of the cat. 
Cats hide in buslies or burrows during the 
day to escape their predators and to go to 
sleep. This behaviour lingers in domestic 
cats, A studv at the Univer.sin^ of Utrecht in 
the Netherlands found that cats in animal 
shelters were much less stressed by their 
new surroundings if they had a box to hide 
in. Even when cats aren’t stressed, a box 
feels more secure, cosy and comforting. LV 



^ THE PHENOMENON OF 
deja vu is a sudden and intensely 
convincing feeling that you’ve 
been somewhere before, or that 
it has happened before. Many 
people jump to the conclusion 
that thev dreamt the scene and 
now it’s coming true. Rut there are 
no documented cases of people, 
in this state, predicting what’s 
going to happen next. And many 
attempts to prove precognitive 
dreams have failed. An old theory 
is that deja vu happens when one 
part of the brain senses something 
fractionally before another part, 



wrongly setting off the feeling 
of familiarity. Another blames 
excessive or unusual temporal 
lobe activity. The temporal lobes 
handle many memory functions 
and are responsible for the 
sense of familiarity. Temporal 
lobe epileptics often report 
deja vu. People with highly 
variable temporal lobe activity 
tend to be creative, believe in 
the paranormal and have lucid 
dreams, spiritual and out-of-body 
experiences as well as deja vu. 
Next time you get this feeling, 
blame your temporal lobes. SB 
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TOP 10 




i 




1. Guavas 

Vitamin C in lOOg: 223m!g 






2. Blackcurrants 

Vitamin C in lOOg: 200mg 



3. Red peppers 

Vitamin C in lOOg: 190mg 



4. Red chillis 

Vitamin C in 100g: 144 mg 



5. Parsley 

Vitamin C in lOOg: 120mg 




AMIRHASSAN MONTAZER, iRAfi 



than normal on the horizon? 



E> IT HAS BEEN known since ancient 
times (at least as far hack as Aristotle in 
the 4th Century BC) that the Moon can 
appear to be larger than normal when 
dose to the horizon. At the same time, 
however, it can be shown that the 
Moon is in fact no different in size than 
when it is at the zenith. T his 
dichotomy is known as the 
‘Moon illusion’. Ptoleniv and 
Others have tried to 
attribute the 
phenomenon to the 



refraction due to the atmosphere, but 
this is in fact erroneous. Although 
there is no definitive explanation, it is 
generally accepted that it is merely an 
effect of perception. When the Moon 
is close to the horizon, other objects 
such as buildings and trees are 
included in the eye's field of view. 
Most authorities suggest that 
this makes the Moon appear 
larger than when it's 
surrounded by an expanse 
of emptj^ sky. AG 



Party time for 
werewolves 




I ANGELA MUNRO, LAUSANNE, SWITZERLAND 




6= Kale 

Vitamin C in lOOg: 93mg 



8. Broccoli 

Vitamin C In lOOg: 89mg 



9. Brussels sprouts 

Vitamin C in lOOg: 85mg 



10. Strawberries 

Vitamin C in lOOg: 80mg 





Why do we toss and turn when we sleep? 



A TYPICAL NIGHT’S sleep consists 
of REM and non-REM sleep. REM stands 
for Rapid Eye Movement and is named 
after the way your eyes dart around under 
your eyelids, REM sleep is when you 
dream. To prevent you acting out your 
dreams, nerve impulses from yonr motor 
cortex are intercepted in the spinal cord 
and blocked. So you’ll never thrash about 
during a dream, no matter how vivid it is. 



Instead, most of the tossing and turning 
actually happens in the brief moments 
after REM sleep when you wake up. This 
onlv lasts a few seconds and we usually 
don’t remember having woken, so it feels 
like we are tossing and turning in our 
sleep. You can have four or five REM/ 
non-REM cycles every night and the 
wakeful interludes give you a chance to 
change position or adjust the covers. LV 
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CASPAR PETCH, BY EMAIL 



What do dogs hear 
when we talk to them? 



E> THERE’S GOOD EVIDENCE 

that dogs can rccogitise many of the 
subtleties of human speech. A 2014 
study at the University of Sussex 
found til at dogs use the right 
side of their brain for processing 
the emotional content of speech, 
such as tone of voice, and the left 
side for verbal commands. Dogs can 
tell when a recognised command word is 
given, even when said with an unfamiliar 
accent. And they can tell the difference 
between correct commands, such as 
‘*Come on, then,” compared to one with 
jumbled syllables, 'Thumb on, Ken!” hv 




Ate the Sundav roast? Me? Never! 
















KNOW THE ANSWER? LA5TMONT1TS PICTURE 

Submit your guess now at Dave Taylor correctly guessed 

sclencefocus.cam/qanda/what the pattern of logging activity 



liDy KtERAN MUIR, BY EMAIL 

If I throw a ball up 
vertically in a moving 
train, wiii it move 
away from me? 

O NO - IT WILL 
land just as if you 
were standing still. 

That’s because the ball 
started off in your hand, 
so was also travelling 
forward with the speed 
of the train. Once airborne, 
it doesn't lose that forward 
speed, so it keeps up with you 
and lands in vour hand. RM 




Ray catch 
on the train 



CHARLIE O’BRfEN, LEEDS 

What are 
constellations? 



Ef CONSTELLATIONS ARE MERELY 
patterns of stars that were orij^naily 
associated with mythological or 
astrological figures. Many of them 
probably date back to the Sumerians, 
Usually, the only connection between the 
stars in a constellation is that they appear 
in the same part of the sky. They may, in 
fact, be located at very different distances. 
In modern astronomy, the constellations 
are defined not by the actual pattern of 
stars, but by a particular area of the sky 
with defined borders. AG 




In reality, there are no scorpions and prancing goats in the sky 
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uU CLAIRE THOMAS, HEREFORD 

Does excessive 
screen time damage 
a chiid’s brain? 

^ SERIOUS SCREEN ADDICTS suffer 
sensory overload, lack of sleep, and loss of 
attentional control. Their brains show 
shrinkage of parts of the cortex, including 
the frontal lobes. These are important for 
planning, organising and controlling 
impulses. This is especially woriying in 
young people because the frontal lobes 
grow slowly and keep developing until 
their mid-20s. There are also changes in 
the brain’.s white matter, with long-range 
connections between neurones being 
interrupted. The arousal produced by 
exciting games affects the reward systems 
and alters levels of dopamine in the brain, 
which can liave long-term effects on 
attention .span. Relying so much on vision 
and movement may mean that other 
sensory areas are neglected, and children 
may lose out on building social skills and 
relationships. However, some screen- 
based activities develop new thinking 
skills, improve problem solving, enhance 
memory, and help hand-eye coordination, 
reaction speeds and multitasking. All of 
these can improve the gi o wing brain, SB 




Dad is just stroppy because Jimmy is better than 
him at Minecraft... 



InNnmhers 



316,600 

people over 100 years old live around the 
world, By 2050, this figure could increase to 
more than three million 



U)C' TERRY BANKS, POOLE 

Why do people lie? 



E^TO gain fame, riches, approval and 
attention; to refrain from hurting others 
or causing conflict; or to avoid admitting 
mistakes or seeming weak - there are 
many reasons. Liars prefer the 
consequences of lying to facing up to the 
truth, but the consequences of telling fibs 
are rarely benign. Relationships can be 
ruined by even small lies, exaggerating 
can lower self-esteem, people who lie a 
lot become less trusting of others, and 
children are harmed bv even little lies. 

It’s hard to discover how often people lie, 
but one study of 2,000 British people 
found that men tell six lies a day, while 
women tell three. The most common lie 
was: **Nothing’s wrong. Tm fine/' SB 






MYLES BROOKS, OXFORD 



Do some areas of 
the brain decline 
faster than others 
due to old age? 



Ef YES, ALTHOUGH THE K / 

pattern varies depending on 
people’s health and lifestyle. ^ 

Some decline is due to shrinkage 
and loss of cells, while some is 
down to chemical changes in 
neurotransmitters and MfM 

synapses. The cortex is the 
thick, folded, outer layer of Mm 
the brain and its grey 
matter begins thinning from |g^ 
our mid-20s onwards. g > 

The brain's white matter, NV 
which consists of long axons 
transmitting information 
between neurones, increases \ 

until about the age of 40 and 
then slowly declines. In the cortex, 
age-related decline is fastest in the 
frontal and parietal lobes and this 
affects executive functions and 
memory systems. Language areas 
towards the front of the brain decline 
more quickly than those towards the 
back. Decline is also slower in the 
occipital lobe at the back of the brain. 



t' •“ V ' 

V V 






Synapses like this 
allow neurones to 
pass messages 
through the body 



4inlch is devoted to visual processing. 
This makes sense since the visual 
cortex is so important to our survival 
and it is constantly active when our 
eyes are open, SB 
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Q&A 



SALLY PIERCE, LONDON 



to poison an adult? 



E> THE MEDICAL LITERATURE lists 
an estimatc'd lethal dose of between 
0.75g and 3g per kilogramme of body 
weight. For a 75kg adult, that means a 
minimum of 56g of salt or about 10 
teaspoons, taken all at once. But salt 
poisoning is about the concentration of 



salt in vour blood, not the amount that 
vou cat. Your bodv will remove excess 
salt through your kidneys and your 
sweat. If you have access to plenty of 
fresh water, you can cope with a much 
higher salt dose than if you are 
dehydrated. LV 






Mmm... just about 
the right amount for 
our Dhips 



E> SIMON PARSON, TOWCESTER 



O JULIA FROST, WELSHPOOL 

What makes a 
person’s voice unique? 



* 



V - 

4 



Op, op, op, op. 

Oppa gangnam style 



Ei^ LIKE A MUSICAL instrument, the 
sound of your voice is determined by the 
shape and size of its parts. The length of 
your vocal cords, the shape of your nose 
and the contours of vour throat all 
contribute. The exact timing of the 
contractions of muscles in your mouth, 
tongue, larjmx and diaphragm are different 
for everyone - even when they ai*e saying 
the same words. These things are affected 
bv the accents or cultures that surrounded 
us when we learned to speak. LV 



Have particies ever been detected traveiiing faster than the speed of light? 



ACCORDING TO SPECIAL 
Relativity, no particle with mass 
can travel at the speed of light 
- around 300,000 kilometres 
per second - let alone faster. 

But in 2011, a European team of 
scientists claimed to have found 
evidence of particles breaking 
Einstein’s speed limit. Known 
as neutrinos, these particles 
were timed as they travelled 
over 700km from their origin at 
the CERN laboratory’^ in Geneva 
to a detector in Italy, and they 
seemed to arrive around 60 
billionths of a second sooner 
than a beam of light travelling 
through empty space could 
manage. Unable to explain the 
anomaly, the scientists asked 
for help. It quickly emerged 
that their timing equipment 



was faulty, and the neutrinos 
had actually complied with 
Ein.stcin’s speed limit. 

Physicist Robert Ehrlich 
of George Mason University 
in Virginia has argued that 
neutrinos mav still be able to 
exploit a loophole in Einstein’s 
theory, allowing them to travel 
faster than light. To do this, 
they have to possess 
so-called tachvonic mass, 
which is utterly unlike 
the conventional variety. 
According to Ehrlich, evidence 
that neutrinos are particles 
consisting of this stuff already 
exists in the results of lab 
experiments and in esoteric 
astronomical observations. 
Nonetheless, his interpretation 
remains controversial. RM 




The paths of electrlcallv*charged particles mapped In a bubble chamber 
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MARTIN WHITE, SHEFFIELD 



ALAN THOMAS. FRANCE 



Do some facial expressions cause 
more wrinkies than others? 



Is it possibie to take 
too many vitamins? 




Those evebrows could do with a serious trim» too 



WHEN YOU SMILE or frown, the 

creases in your skin begin as just 
temporary features. But as you get older, 
these same creases eventually become 
permanent wrinkles. Frowning mainly 
creases your brow, whereas a good smile 
will crease your eyes and mouth but not 




your forehead so much. The only 
expression that creases the entire face is 
the kind of horrified wince you make 
when you watch someone take a bad fall 
off a skateboard (trj^ it!). This suggests that 
watching a lot of YouTube videos might 
just give you wrinkles! LV 





Taking too manv 
tablets will also 
make you rattle 



Lii ELLIE RICHARDS, DURHAM 

Is it possible to accurately predict 



earthquakes? 

SCIENTISTS ONCE BELIEVED thev 

■r* 

might one day find telltale signs of an 
impending earthqviake sufficiently 
reliable to organise evacuations in plenty 
of time. Since the 1990s, however, the 
failure to identify any such useful 
‘precursors’ has led to gi’owing attention 
on two other strategies to minimise death 
and destruction. 

The first strategy accepts that the time, 
location and size of an earthquake can 
never be predicted precisely, and focuses 
on identifying at-risk regions and making 



buildings and infrastructure more 
quake-resistant. The second exploits the 
ultimate ‘precursor’: the vibrations 
caused by the earthquake itself. S(J-called 
P -waves spread out from the site of the 
earthquake at over 18,000km/h - giving 
about a minute's warning of the 
impending arrival of the much more 
destructive seismic waves. This is enough 
time for the authorities to switch off 
utilities and give the alarm so that people 
can find shelter. Both of these strategies 
are now in use in Japan and Mexico. RM 



MOST DEFINITELY. THE body 

normally regulates your levels of vitamins 
A, I) and E, which you eat as part of a 
healthy diet. If vou consume the vitamins 

■k-' mf 

in tablet form, you bypass this regulation 
mechanism and excess vitamins get 
stored in the liver, gradually building 
up over time. A daily dose of 2,500 
micrograms of vitamin A for six months 
is enough to give you chronic vitamin A 
toxicity, with symptoms including blurred 
vision, hair loss and peeling skin. But 
voiFd need to take more than 37 cod liver 
oil capsules a day to reach that quantity. 

T akiiig vitamin supplements may 
even be bad for vou - even at doses well 

•V 

below the toxic threshold. Probablv the 
hardest one to overdo is vitamin C. The 
recommended daily intake for adults is 
6.S tn 90mg (roughly one orange) but you 
can tolerate up to 2,0()0mg a day without 
any ill effects. At very high doses, vitamin 
C eventually causes diarrhoea, heartburn 
and kidnev stones. LV 

NEXT MONTH Over 20 more 
of your questions answered 

For even more answers to the most puzzling 
questions, see the Q&A archive at 

www^sciencefocus.com/qanda 




These days, recordings of ground movement are often displayed on computers rather than on paper 
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CERTIFIED 

BUILT-IN GPS AMD WI-FI 



I AM THE NIKON D5300r I am creativity in every piKd: Pam 
sharing your creations around the world with my built-in Wi-fi* and GPS. 
So you'll impress everyone with the new perspectives you'll find with my 
vari-angle monitor. Images will stand out in your social media network 
with my 24.2 MP CMOS sensor, 39 focus points and ISO up to 12,800. 
1 am your creative outlook, www.nikon.co.uk 

'Wi-Fi enabled smart device is required to share images. 



^ - 

■ *’ ■!#* j ., ^ 

" 7^ ^ 7L. ^ - 

t_3 - ‘ ^ Cl - ^ ^ ^ 

^ ® '=• ''"C ^ « ■-.. = <=> 

- - %% « 

_ ™ ^ 



- ■*; .1^ 

ejji. ^ 




ri A ^ '-n 






f 2YEAR^ 

\^W ftSiTANTir ^ 



Far2 yearwaitanty nn any camefa and lens kit simply register your new Niknn withtin 30 d ays nf purchase. 
Of ter a pplies td U K Er Repiibl i c af Irela n d iStoclic only. Call C 300 5^9? 0472 dr visit ww w.n i kdn .co. ukPreg i ster 



At the 



ifnege 









THE FUTURE OF GADGETS 




EDITED BY DANIEL BENNETT 



OTHIS MONTH 

APPLIANCES 
OF SCIENCE 
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We drive five 
of this year's most 
high-tech cars 
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ON THE HORIZON 



5G 



The next-generation 



network is coming 



C hances are, 

if you’ve recently 
upgraded your 
phone, you’ll 
have graduated 
from a 3G network to the 
faster, newer 4G technology. 
Films download in minutes, 
TV shows stream live and 
Facebook loads up in the 
blink of an eye. It’s like using 
home broadband wherever 
you go, so we thought there’d 



be little need for another 
newer, faster technology, but 
we were wrong. The mobile 
network is about to explode. 

Not literally, of course. But 
the number of nodes on our 
mobile network - that is, the 
number of connected devices 
- is about to expand rapidly. 
A few years ago, it was just 
our smartphones that needed 
data on the go, but now a 
whole new species of gadgets 



has evolved to feed on our 
data. There are already 
internet-connected cars, 
cameras and smartwatches 
that need their own SIM 
cards to function. Pile on 
advances like autonomous 
cars, intelligent traffic 
networks and homes stuffed 
with washing machines, 
fridges and cookers that can 
talk to your phone 
(collectively termed the 
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Tech Hub 



Nokia’s 5G network prototype 
on display at this year's Mobile 
World Congress in Barcelona 






k Internet of Things) and you can see 
how our mobile networks might 
struggle in years to come. In fact, market 
analy^sts at Gartner predict that the 
number of networked devices will 
skyrocket from five billion in 2015 to 25 
billion bv 2020. 

Fortunately, a solution might already 
be on its w'av. Several universities and 
companies are racing to build a new 
network standard by 2020 - just in time 
for the Tokyo Olympics - that will 
support the Internet of Things. One of the 
furthest ahead is Nokia, which is running 
real-world tests in Finland right now, 
reaching speeds of up to lOGbps, 10 times 
faster than the fastest recorded 4G 
connections. To reach these figures, 

Nokia has had to reinvent how phone 
masts connect to our devices* 

The solution lies in unused handwidths. 
Currently, our mobile phones receive 
relatively large signals - low frequency 
radio waves, tens of centimetres long, that 
are less vulnerable to interference* But 
these frequencies are in high demand, so 
bandwidth is limited, and 4G already 
takes how much data we can squeeze into 
these waves to the limit 

But elsewhere in the radio spectrum 
there's plenty of room - so the people that 
build communications networks are 
starting to look elsewhere. In particular, 
they've begun testing higher-frequency 
waves. Until now these small hiiillimetre' 



waves didn't work ven^ well: thev tended 
to lose more energy over long distances, 
and struggled to penetrate solid materials. 
And because they can be scattered by fog, 
rain and foliage, they require more power 
to send and receive data reliably. 

That’s where Nokia’s technology' comes 
in. It’s tried to remedy millimetre waves’ 
flaws in three ways. First, the network 
will set up several radio connections with 
your phone at once, so that data can be 
channelled back and forth through 
several streams simultaneouslv. Second, 
the antennae will use special arrays to 
focus and strengthen the beam sent to 
your phone. Finally, the network w'ill use 
smaller ‘cells’, with smaller base stations 
that will disperse and reroute signals 
from mobile masts straight to your phone. 

But this isn’t the only solution. And if 
speed is the measure of success, then 
researchers at the University of Surrey’s 
5G Innovation Centre are way'^ out in 
front. Its lab tests recorded speeds of up 
to 1 terabit per second (ITbps), a speed 
100 times faster than Nokia’s test, though 
not much else is known vet about the 

V 

technology' involved. 

Whichever method wins out, 5G is on 
its way. It can’t come soon enough to cope 
with all the devices that will he online. 

DANIEL BENNETT is the reviews editor 
at BBC Focus Magazine 






TECHOMETER 



WHAT'S HOT 

GRAPHENE 

The 'miracle material’ has 
yet to deliver many miracles 
to the general public, but 
they could be just around 
the corner. At the opening of 
the UK's National Graphene 
Institute in Manchester, the 
material's inventor showed 
off the world's first graphene 
product: a light bulb. It’ll cut 
energy use by 10 per cent 
and last much longer than 
current energy-savers. Well. 
It's a start, isn’t It? 




OnLive. a game streaming 
service we reviewed in issue 
237, is closing down. You 
could connect to On Live’s 
servers via PC, tablet or 
its own console, and play 
blockbuster videogames 
on its computers while you 
controlled the action from 
your own screen. This meant 
that you didn’t need expensive 
hardware to enjoy the latest 
games. Now. Sorry has bought 
the company - along with 140 
patents that will help improve 
its own streaming service. 



c 



oriLive 



READER POLL 



Are you excited about 5G? 



38% 

No - Fm 
still on 3G 




for me 



52% 

Yes - 1 can't 
wait! 
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APPLIANCES OF SCIENCE 



1 YOU CAN ^ TYRED 

^ STICK IT ^ OUT 




BEATS FOR 
BONEHEADS 



A FEELING 
^ BLUE 




TABLET 

TRANSFORMER 



WAKEY- 

WAKEY! 



Intel has squeezed an 
entire PC Into this 
chocolate bar-sized 
device. To get Windows 
up and running, you slot 
the Compute Stick into 
your TV’s HDMI slot, 
plug it in at the mains, 
then simply connect a 
mouse and keyboard 
via Bluetooth. With 
32GB of storage and 
20B of RAM, it's 
powerful enough to 
handle most everyday 
tasks and even has a 
USB slot for plugging in 
any media. The best bit, 
though, is the price! 

Intel Compute Stick 

S149(£100l intel.co.uk 



As you munch 
through the miles on 
the motorway, there’s 
tonnes of energy going 
to waste. The friction 
between your tyres 
and the tarmac 
generates a lot of heat, 
for example. So 
Goodyear’s prototype 
tyre harvests this heat 
and converts it into 
electricity to charge a 
battery-powered car. 
Even stood still, black 
patches on the rubber 
will absorb sunlight and 
give you a few extra 
miles on the clock. 

Goodyear BH03 

Price TBC, goodyear.com 



Everyone knows how 
unsettling it is when you 
hear a recording of your 
own voice. That's 
because what we’re 
actually used to hearing 
isn't our voice in the air 
it's the sound waves 
travelling to our inner 
ear through our bones. 
These bone conduction 
'headbones deliver 
sound to your inner ear 
in much the same way. 
so that you can leave 
your ears unplugged 
and still be able to hear 
the outside world. 

Damson Audio 
Headbones 

£99, damscmaudio.com 



Solar power, fire power 
and man power can all 
be used to charge your 
phone - and now you 
can add water power 
to that list. The Blue 
Freedom is a personal 
hydroelectric power 
station made to charge 
your gadgets from 
flowing water. You just 
drop the turbine into the 
blue and secure the 
power station to the 
ground. One hour in the 
water will give your 
phone a whopping 10 
hours of power. 

Blue Freedom 

S319 (£213) 
blue-freedom.net 



It looks like a tablet, it 
works like a tablet, but 
what you're actually 
looking at is a fully- 
fledged PC. As well as 
doing all the things you'd 
expect a tablet to do, 
the Surface will work as 
your home computer, 
thanks to a new. more 
powerful processor 
that will run the majority 
of Windows software, 
where previous models 
often struggled. With 
the optional keyboard/ 
touchpad dock, it’ll be as 
deft as a laptop at more 
complex tasks, too. 

Microsoft Surface 3 

£419.99, m/crosoft.com 



Never sleep in again! 

The Wake smart alarm 
sits over your bed. and 
when it's time to get up 
the device's body heat 
sensors seek you out. 
Once it's got a lock-on. 
the alarm uses a 
parametric speaker to 
send ultrasound waves 
direct to your location 
- your partner won't 
feel a thing - and shines 
a focused light at your 
head. There’s no snooze 
button: the alarm will 
only turn off when it 
sees you’ve left the bed. 

Wake smart alarm 

$199 (£134) 
luceratabs.com 
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ULTIMATE TEST 



mCMTH/L. 
HUKCS KYBUBS KSOABLC 



BMWiS 



SAT IN THE car park of 
BMW’s UK headquarters, 
where we picked it up. 
the 18 looks like it belongs 
in a different decade from 
the cars surrounding it. 
Unlike most concept cars, 
its futuristic features have 
made it to the factory 
floor -so it still has 
gull-wing doors that open 
upwards, it has wings 
at the rear that channel 
air over the body and it 
still has those blue paint 
details signifying the 
battery under the 
hood, The Philip K 
Oick aesthetics 
though, 
beautiful 



they are, are the least 
exciting thing about it. 

Underneath the i8’s 
bonnet there's a 129bhp 
electric motor that 
powers the front wheels. 
Meanwhile in the back, 
right behind the cockpit 
is a 228bhp, impossibly 
small (l.b^litre) petrol 
engine sending power 
to the rear wheels. 
Somewhere in the back 
there's also a third tiny 
electric motor that helps 
recharge the lithium 
battery. Of course, all 
of this equipment is 
quite heavy, so BMW 
has made the doors 
and passenger cell out 
of a new composite 



material - carbon fibre 
reinforced plastic - which 
is 30 per cent lighter than 
aluminium. This cocktail 
means that the BMW 
can be frugal with your 
fuel when you want it to 
be (BMW says it can get 
up to 134mpg. though 
we averaged a laudable 
40mpg). But flick the 
gear lever down into 
Sport mode, and this 
combination has another 
use: speed. 

At the flick of a switch, 
the instrument cluster 
flashes red and the petrol 
engine snarls behind 
you. This in itself is not 
surprising, but what 
happens next is. The 



petrol motor throws all 
of its grunt into spinning 
the rear wheels, while the 
electric motor hauls you 
forward. All petrol engines 
will have an optimum 
power range, a spectrum 
in the rev counter where 
they run most efficiently. 
Outside of this range the 
power delivery drops off 
sharply, but in the i8 the 
electric engine simply fills 
in the gaps, hurling you 
forwards with almost 
brutal acceleration. There 
is nothing quite like it. 

But even that’s not 
what really won us over 
about the i8. Although this 
is a red-blooded sports 
car, its low CO 2 emissions 



(49g/km) mean it’s exempt 
from road tax as well 
as London's Congestion 
Charge. It's also eligible for 
the government's plug-in 
car subsidy. So this car 
(insurance aside) won’t kill 
your wallet after you've 
bought it. In fact, most of 
the time, since the UK's 
average Journey length is 
under seven miles, you 
could in theory just potter 
around town and hardly 
spend a penny, using 
its 37km (23-mile) EV 
range. It’s a money-saving 
combo that's proven so 
popular that owners can 
now sell the car for double 
the price they originally 
bought it for. 
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Mercedes^ 






mercedes.com 
from £58,440 




CM DRIVE BEmStTm UERCEDCS S-CLASS 



A FEW HOURS into During the hour that I are few vehicles on four stepped out, fortunately, idling in the road. Thanks 

driving the S-Class, I was sat in traffic, it became wheels better equipped but the distraction meant to the enormous beam 

rendered immobile by clear that it was probably than the S-Class, and I had begun to steer into from the Merc's adaptive 

London's pesky traffic. easier to list the features that’s not just because of the next lane. Just as the LEDs, their eyes gleamed 

I’d thought the capital's the car didn’t have than all the luxuries it offers. passenger side wheels at me in the dark, But the 

roads might be quiet at the ones it did. For Once the traffic grazed the white lines. night vision had already 

11pm; I was wrong. Stili, instance, while the cup dissolved, I got onto the the S-Class took over the flicked again to warn me 

it seemed like a good holders will keep your A40 and flicked on the controls, slowing the left of the hazard ahead, 

chance to poke and prod drinks cool or warm, they 'distronic' mode. The wheels to pull me back By the end of my 

some of the S-CIass’s won't cook a Pot Noodle, car's cameras took over into the lane before gently time with the Mercedes 

features. Twenty minutes And while they have the driving, guiding the asking if I might need a S-Class, I wasn’t quite 

^ later, I was enjoying an thought to fit a fridge in vehicle between the white rest. Maybe I did. sure whether I had driven 

« 'activating hot stone between the rear seats. lines, blinking on the night Nearer my destination more miles or the car 

I massage' from my seat, there’s no bar to store vision on the dashboard in Amersham, I swapped had. Either way, it’s only a 

i and I had 'ionized' the your 30-year-old single whenever a pedestrian the motorway for narrow matter of time before I'm 

I air, cleaning it of any malt. How naive. In all looked like they might country lanes, where I happy to hand over the 

s contaminants. Bliss! seriousness though, there cross the road. No one met a deer and its fawn controls for good. 
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THE CAR THAT. 



IMPROVES WITH AGE 



WHEN THE TESLA landed 
on UK shores last year, 
it blew us away. This 
pioneer proved that using 
batteries to power your 
car didn’t have to mean 
sacrifice. The 355km 
(240-mile) range won't 
suit every driver, but it's 
plenty for most. Indeed, 
this time around we 
got to use Tesla's new 
supercharger network, 
and once we'd parked up 
and plugged in, it only took 
half an hour to top up. But 
in the time since our first 
drive, the car’s power 
train has become its least 
interesting aspect. 



The most amazing 
feat of the Tesla is how 
it has evolved over 
time. Normally a petrol 
or diesel car stays the 
same once it's left the 
showroom, but the Model 
S is different. The car is 
riddled with computers, 
and every part of the 
vehicle is connected to 
them. This means that 
Tesla's engineers are 
able to send upgrades 
through the air via the 
car's 3G connection, 
These updates download 
while the car’s parked up 
at night, so when you get 
back into your Model S 



the next morning, it's got 
even better. 

And these updates are 
more than superficial. 

For example, the last 
update added automatic 
emergency braking to the 
car - so that the Model 
S will stop if it detects 
you’re about to slam into 
something. There was 
also a Valet Mode added in 
the last update that tames 
the Tesla’s performance 
to make sure anyone 
else driving it behaves 
themselves. Best of all, 
some tweaking of the 
car’s algorithms actually 
made the Model S faster. 



shaving 0.1 seconds off 
its 0-60mph time. 

Even more exciting 
is what’s to come. The 
next update promises 
to teach the car to drive 
itself on motorways, 
and come running when 
you 'summon’ it from the 
garage. Both hint that the 
car is nearing the point 
where it'll soon be able 
to drive itself entirely - 
its creator, Elon Musk, 
just has to wait for the 
law to catch up with his 
technology. And it begs 
the question: why can’t all 
our cars be upgradeable 
in this way? 




The Model S is 
pecked full of 
innovative tech 



Tesla 
Models 

teslamotors.com 
from £54,500 
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THE CAR THAT... 
REMOVES DISTRACTIOHS 





AudiTT 

audi.com 
from £29,770 
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Keep your eyes 
forward with the 
virtual cockpit 
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offroad 



FROM THE OUTSIDE this 
diminutive sports car 
iooks iikejustthat-a 
featherweight car that'll 
be as light on features as 
it is on the scales, But the 
TT's appearance belies 
what is an incredibly 
clever little machine. 

The trouble with the 
cars we've mentioned so 
far is that, with all of their 
incredible features, they 
can be a little distracting. 
Doubly so, since most 
of these options are 
accessed via a central 
console that's lower 



than the windscreen you 
actually should be looking 
at. Audi has remedied this 
with what it's calling a 
'virtual cockpit'. 

What this means is that 
behind the steering wheel 
sits an LCD screen that's 
the motoring equivalent 
of an iPad. For example, 
when you hit the Sat-Nav 
button, the speedo and 
rev counter retreat to 
the sides, presenting a 
wonderful detailed map. 
You can flick through 
your media and all the 
car’s different options 



and features, without 
ever fully diverting your 
attention from the road 
ahead. You never feel like 
you're dicing with death 
at 70mph just because 
you wanted to turn the air 
conditioning down. 

It’s also the small 
touches that make a big 
difference. For example, 
the dash is perfectly 
carved out to match 
the steering wheel, 
so no information Is 
obscured by the wheel. 
The buttons are sparse 
but well placed, so you 



don't have to look away 
from the road to find 
them. For example, the 
car’s temperature can 
be adjusted via the fans 
themselves. Another 
smart touch is the 
jogwheei which has 
a touch-sensitive surface 
so you can scrawl out 
addresses and contacts 
with your fingers. These 
might seem like small 
things, but as I drove 
across Bristol, I soon 
realised that this was the 
best designed interior 
I had ever driven in. 
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i-Road 

royota.com 
price TBC 
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COULD CLEAH%^OURCmES TOYOTA I-ROAD 



would clear and the 
streets would be blissfully 
quiet. This is exactly 
what they’re testing in 
Grenoble, where you can 
rent the car for €3 for 15 
minutes and €1 for every 
quarter-hour after. Sadly 
the i-Road is still only a 
concept car right now, 
and as much as we’d love 
to see Bristol buzzing 
with little i-Roads, they're 
unlikely to reach here any 
time soon. But Toyota has 
said it's committed to the 
idea, so watch this space. 
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AS INGENIOUS AS the 
previous cars were, they 
won't make a dent in one 
of motorings biggest 
problems: congestion. 
Cars are choking the 
world’s cities and the 
prognosis isn’t pretty. 

A 2014 study by the 
Centre for Economics 
and Business Research 
calculated that British 
motorists spend four days 
a year sat In traffic, and 
that over the next 15 years 
congestion will cost the 
UK £300bn. 



the car can tilt. The actual 
steering is done by the 
rear wheel, which means 
the back swings round 
when you want to make a 
tighter angle. It all sounds, 
well, slightly mad, but it 
took all of three minutes 
weaving through the 
streets of Grenoble 
(the only place in Europe 
you can drive one} for us 
to fall in love. 

Imagine an entire city 
filled with cars like the 
i-Road. Traffic would 
all but disappear, smog 






Toyota is trying to 
come up with a solution, 
and this is its latest 
attempt: the i-Road. 

Think of it as a motorised 
Boris bike with a 60km/h 
(37mph) top speed and 
a 48km (30-mile) range. 
The idea is you drive to 
the city, park up and swap 
your car for one of these 
battery-powered trikes. 
That might not sound 
great, but the i-Road 
makes a lot of sense. 

Compared to the 
futuristic exterior, the 



interior is reassuringly 
familiar: there’s a steering 
wheel, indicators and a 
dashboard, But that’s 
where the similarities end. 
Steer left or right and the 
whole body gracefully 
leans over, like a speed 
skater shifting their weight 
into the corner. But unlike 
ice skaters, there’s no 
risk of falling over. As the 
front suspension pushes 
one wheel downwards, 
gyroscopes and inertial 
sensors combine to 
determine just how far 
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HOW DO WE KNOW? 







BY BRIAN CLEGG 

Fiction depicts black holes as yawning voids that lurk in deep space, 
gobbling up any planets in their path. The idea of dark stars’ dates back 
to the 18th Century, but it was 1964 before hard evidence emerged 




LACK HOLES HAVE escaped 
from astrophysics into the 
everyday imagination. Yet 
the gaps in our knowledge 
of their nature and even, 
possibly, their existence are 
considerable. 

Black holes were born 
from theory, not observation. 
We have known about 
conventional stars for as long as we’ve 
been able to look up at a clear night 
sky. But no one ever saw a black hole. 
Instead, they were predicted to exist 
at a time when there was no w av of 
checking whether there was any such 
thing out there. And that prediction 
happened not once, hut twice. 

The first inspired thiiTkingon the 
matter was hack in the 18th Century. 
The man who dreamed up what he 
called ‘dark stars’ was John Michell, a 
Cambridge scientist who later became 
a clergyman. It was from his rectory 
that he came up with the concept, 
combining two key ideas of the latest 
science at the time. 

One w'as escape velocity. Michell 
knew that when a bullet is shot 
straight up into the air, it has just tu'o 
forces acting on it once it leaves the 
gun - air resistance and gravity. As 



it gets higher, both of these forces 
weaken. The air gets thinner and, 
as Newton had made clear, gravity’s 
attraction drops off with the square 
of the distance between the centres of 
the bodies involved - in this case, the 
bullet and the Earth. 

A typical bullet from the black 
powder guns of Michell’s day could 
travel as fast as .JOO metres per second. 
But despite this impressive velocity, 
the forces acting to slow it brought the 




Ole Rsmer calculated a speed for light, settling the dispute 
over whether It travelled Instantly, or just very quickly 



bullet back down to Earth. Michell, 
though, knew that a bullet travelling 
about 37 times faster would be able to 
overcome the Earth’s attraction and flv 
off into space. It would have achieved 
escape velocity. He combined this idea 
with a discoveiT from the 1670s, when 
Danish astronomer Ole Romer realised 
that an apparent variation in the 
timing of Jupiter’s moons was caused 
by the varying time that light took to 
reach us from the planet. 

LiaHT CONVERSATION 

Ever since ancient time.s, there had 
been arguments over whether light 
travelled instantly, or just extremely 
quickly. Romer found evidence for 
a measurable speed, as the changing 
relative positions of Jupiter and Earth 
in their orbits varied the time that light 
took to reach us. He calculated light’s 
speed to be around 220,000km/s. In 
the following 100 years, this figure 
was measured more accurately so that 
Michell was working with something 
closer to our current .300,000km/s. 

But the specific value didn’t matter - 
the point was that light had a speed. 

Combining the two concepts of 
escape velocity and light having a 
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Computer rendering of a ^ 
supertnassivo black hole. Jets 
of matter are emitted at right 
angles to the accretion disc - 
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> IN A NUTSHELL 



Studying black holes is particularly 
difficult as they cannot be seen 
directly. The work of eminent 
scientists like Albert Einstein, Kip 
Thorne and Stephen Hawking has 
helped increase our understanding 
but many gaps in our knowledge 
still remain to this day. 
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How do we know? 



O finite speed, Michell wondered 
what would happen if a massive 
star had an escape velocity that was 
above the speed of light. The more 
mass in a body, the higher its escape 
velocity. Therefore, in principle, there 
could be a star so vast that even light 
would not escape from it. Such a ‘dark 
star’ would have to be immense. Even 
though the escape velocity from the 
surface of the Sun, for instance, is over 
600km/s, it is still far lower than the 
speed of light. 

Michell’s theory was based on an 
incorrect assumption - that light 
was made up of normal particles that 
could be slowed down like anv other 



projectile by the force of gravity. But 
the idea of these mysterious ‘dark 
stars’ faded into history. 

Fast-forward to the 20th Century 
and Karl Schwarzschild revived 
the theories in the heat and horror 
of World War One. It was 1915 and 
the 41-year-old German physicist 
had volunteered to join up with the 
German army. Somehow, perhaps 
as a distraction from the devastation 
around him, he found time to think 
about Einstein’s elegant equations 
and his brand new theory of General 
Relativity. Einstein’s equations are 
too complex to provide a universal 
solution, but Schwarzschild solved 



them for the special case of a spherical 
body that was not spinning, 

It emerged from the mathematics 
that if all the mass of that body was 
crammed into a sphere of a size now 
called the Schwarzschild radius, the 
distortion in space-time would be so 
great that light from the object woidd 
never escape. Anything closer than a 
sphere around the bodj'^ of that radius 
would travel through a surface of no 
return, the black hole’s event horizon. 

The most obvious source of such 
a body would be a collapsing star. In 
normal operation, a star’s nuclear 
reactions fluff it up against the pull of 
gravity. But once those reactions start 



THE KEY 
EXPERIMENT 



Black holes are tricky to study as even the closest one lies many light-years away, 
but scientists can identify candidates by observing their X-ray emissions 



PERFORMING EXPERIMENTS ON black 
holes is a non-starter, as the nearest 
candidate so far detected is around 
3,000 light-years away. 

Confirmation of Cygnus X-1, the first 
significant candidate found, took a 
number of years as no single 
observation was capable of establishing 
such a remarkable find. 

In 1964, a rocket launched from the 
White Sands Range in New Mexico 
discovered a strong X-ray source in the 
constellation of Cygnus. Also in 1964, 
two sub-orbital rockets mapped out 
X-ray sources, pinning down the location 
of Cygnus X-1. 

In 1971, observations by the Uhuru 
X-ray satellite telescope showed that the 
Cygnus X-1 source underwent rapid 
oscillations, suggesting it was a compact 
object that was smaller than the Sun. 
That same year, radio telescope 
observations linked the X-ray source to 
the star HDE226868. This blue 
supergiant would not itself produce 
X-ray emissions, implying that it had a 
companion. Also in 1971, astronomers at 
the Royal Greenwich Observatory and 
Toronto’s David Dunlap Observatory 
made further observations of 
HDE226868. They confirmed that it was 
in a binary with a massive but compact 
object. And in 1972, Charles Bolton at 
Toronto was the first to state definitively 
that this object was a black hole. This 
view was generally accepted by 1973. 
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Cygnus X-1 (location outlined in red). In this image, the blue supergiant companion star can be clearly seen to its right 
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How do we know? 







CAST OF Five incredible physicists who have helped 

CHARACTERS US with our understanding of black holes 



to fade, matter in the star can collapse* 
The expectation is that this collapse 
would be halted by a quantum effect 
called the Pauli exclusion principle, 
forming an intensely dense neutron 
star. If the star were massive enough, 
though, exceeding about three times 
the mass of the Sun, the exclusion 
principle should be overcome and 
the collapse would be unstoppable. 

In principle, the material in the black 
hole would continue to collapse all 
the way to a dimensionless point - a 
'singularity' with infinite density 
and a force of gravin' that headed 
off to infinity as it was approached. 

In reality, we don't know what 
would actually happen, because the 
singadarity is an admission that our 
ph ysics has broken down. 



DOWN THE HOLE 

For a good time after Schwarzschild, 
black holes were purely theoretical. 

Or at least collapsed stars were, as 
thev were yet to receive their more 
intriguing moniker. ‘Black hole’ 
is often a.scribcd to the American 
physicist John Wheeler, but its origins 
arc shrouded in mystery. The term 
was first reported at an American 
Association for the Advancement of 
Science meeting in January 1964. 

It’s not certain who used it, but 
Wheeler soon picked up the term 
and popularised it. It might seem 
that searching for black holes would 
be a wa.stc of time. How do von see 
something that doesn’t give off light? 
But as the physics of black holes 
developed, scientists realised that 
indirect routes were available. 

As astronomers can’t see the hole 
itself, thev need to look for its side 
effects, W’hen matter is dragged 
into a spinning hole, and pretty^ well 
everything in the Universe does spin, 
it should produce an ‘accretion disc’, 
glowing brightly as a result of friction, 
and would also generate distinctiv^e 
'jets’ from the poles. Then there are 
the gravitational effects. We might see 
nearby bodies influenced hy^ the black 
hole. This is a venerable technique, 
and was used in the past to infer the 
existence of Neptune. Astronomers 
studied the wav the orbits of the other 
planets were influenced by'^ Neptune’s 
gravitational pull. 

Finally, there is ‘Hawking radiation’. 
Stephen Haw'king surprised himself 
as much as any^one else when in 
1974 he reali.scd that black holes 



Karl Schwarzschild 
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Schwarzschild was a 
German physicist and 
astronomer who was 
born in Frankfurt. He 
worked as a professor 
for several years 
in Gottingen, then 
moved on in 1909 to 
become director of the 
town's observatory 
before heading up the 
Potsdam Astrophysical 
Observatory. He 
volunteered for the 
German army in 1914 
and died of a skin 
disease in 1916. 



Kip Thorne 

(1940-) 
Thorne is an American 
astrophysicist whose 
studies of Genera! 
Relativity have resulted 
in a wide range of 
predictions on black 
holes, wormholes and 
time travel. Thorne 
was consultant to 
the best cinematic 
representation of a 
black hole to date, the 
2014 movie Interstellar. 



John Michell 

Michell was born in 
Nottinghamshire and 
spent his academic 
life in Cambridge 
working on geology, 
gravity, magnetism and 
astronomy. After his 
marriage in 1764 he 
spent the rest of his life 
as a clergyman, most 
notably at Thornhill 
in Yorkshire. Here he 
continued with his 
scientific work from 
1767 until his death. 



Albert Einstein 

(1879-1955) 
German-born Einstein 
is best known for his 
theories of Special 
Relativity and General 
Relativity, laying the 
foundations of quantum 
theory. He moved to the 
USA in 1933 to escape 
Nazi Germany and took 
up a position at the 
Institute of Advanced 
Study in Princeton. 



Stephen Hawking 
( 1942 -) 

Cambridge-based 
Hawking is probably 
the most famous living 
physicist and has 
become iconic for 
his bestselling book 
A Brief History Of Time 
and for defying the 
onset of motor neurone 
disease to continue 
working into his 70s. 

His work has largely 
involved the General 
Theory of Relativity and 
cosmology. 
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How do we know? 



v||y|p||MC Theories surrounding mysterious blaek holes 

have only been around since the 18th Century 



1915 



1971 



2012 



John Michell's ‘dark stars’ paper 
is read at the Royal Society. 
Michell hoped to deduce the 
mass of stars from their 
* effect on light, and thought a 
massive enough star vyould 
be able to stop light entirely. 




Albert Einstein publishes 
his field equations. This 
set of 10 equations at 
the heart of General 
Relativity describe 
gravity as a curvature 
of space and time. 




Soon after Einstein publishes the theory 
of General Relativity. Karl Schwarzschild 
publishes his paper with the first non-trivial 
solution. This is applied to a non-rotating 
sphere, derived the previous year. 



First candidate black 
hole is found. Cygnus 
X-1 is an X-ray source 
that was first detected 
in 1964 and is thought 
to be a binary star, 
where material from 
one star is accelerated 
into a black hole. 



Star S2 (Source 
2) is observed by 
the Max Planck 
Institute and UCLA. 

It orbits an apparent 
supermassive black 
hole, Sagittarius A*, 
at the heart of our 
Milky Way. 









1783 






The best evidence to 
date of a star being 
ripped apart by a 
supermassive black 
hole is detected by 
the Pan-STARRS 
telescope on Hawaii 
and analysed by 
a Johns Hopkins 
University team. 












O couldn’t truly be black. The idea 
came from his understanding 
of quantum physics - the science 
governing very small things - and in 
particular the ‘uncertainty principle’. 
This said that localised energy' can 
fluctuate significantly over small 
periods of time, allowing pairs of 
quantum particles to emerge and 
then disappear again before they are 
observed. If this happens near a black 
hole’s event horizon, one of these 
Virtual’ particles could be pulled in 
while the other flies off. These stray 
particles make up Hawking radiation. 
This is unlikclv to be detectable at anv 
great distance. 

After Schwarzschild’s solution, 
black holes seemed the natural end for 
the right kind of stars with masses at 
least three times that of the Sun. But 
this particular scale is not a limitation 
of the black hole itself, merely the 
formation mechanism. In principle, 
black holes could exist on any scale 
from the microscopic all the way 
through to millions of times the mass 
of the Sun, There are broadly four 
categories, two of which have probably 
been detected. 

At the tiny, totally hypothetical 
end of the scale are micro black holes 
and quantum black holes. A micro 
black hole would form, for instance, 
if the Earth collapsed, forming an 
event horizon about 9mm across, 
though thankftdly there is no known 
mechani.sm for this to occur. Quantum 
black holes arc even smaller, from 
a scale of around 5,000 protons up. 
in principle, they could be produced 
in a particle accelerator and would 
almost immediately decav. Current 
accelerators don't have the energy 
to produce one unaided, but if the 
Universe has extra dimensions, this 
could reduce the energj^ threshold to 
something accessible. 

The best evidence we have for 
conventional black holes, formed from 
the collapse of a dying star, is X-ray 
binaries. In these objects, material is 
accelerated from one normal star into 
an invisible star, giving off X-rays. This 
can happen with a neutron star, but if 
the ‘eating" star has more than about 
three times the mass of the Sun, it 
should in theory be a black hole. 

The first X-ray binary widely 
recognised as containing a black hole 
was CygTius X-L A powerful X-ray 
source was detected in 1964, and was 
identified as a black hole candidate 
in 197L A blue supergiant star in the 
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How do we know? 



NEED TO KNOW 

A handy list of the terminology 
surrounding black holes 



1 ACCRETION DISC 

-L Rotating matter is pulled into a disc 
shape by a star (part of the formation 
process of a solar system). In the case of 
black holes, nearby matter is accelerated 
intensely by gravity, giving off a bright glow. 



njET 

^ Streams of matter acceierated to 
nearly the speed of light are emitted at right 
angles to the accretion disc. The cause of 
these jets Is uncertain, though they may be 
the result of a complex magnetic field. 



3 



This principle of quantum mechanics 
establishes that two fermions (a type 
of subatomic particle) cannot be in an 
identical quantum state. This results in 
'exchange interaction', which is like a 
short-range force keeping fermions 
apart - except in extreme conditions like 
black hole formation. 



4 ^ 



SINGU;.ARITY 

In the case of astrophysics, a 



singularity is a mathematically predicted 
condition where space-time becomes 
so locally distorted by gravitation that 
the force of gravity tends to infinity and 
current theories of physics break down. 



binary was being stripped of material 
by the X-ray source, which appeared 
to have a mass in the region of 9 to 
l.=i time.s that of the Sun. In 197.S, Kip 
Thorne and Stephen Hawking made 
a bet as to whether this was, indeed, 
a black hole. Hawking, on the ‘no’ 
side, paid up in 1990 when better 
obseiwational data was obtained. 



BACK TO BLACK 

Since 1990, the identification of 
Cygnus X-1 has become less certain. 
This is because the companion 
star is very large, which makes it 
difficult to be sure of the mass of its 
‘compact object’ companion. Many 
other candidates have been detected 
since, although evidence remains 




The Very Large Array telescope took this false-coleur image ef Sagittarius A, which ties at the centre of the Milky 
Way, A bright radio source, Sagittarius A*, is located in this region and is believed to be a supermassive black hole 



indirect and is based on theoretical 
assumptions about the maximum size 
of a neutron star that mav not be 
borne out in practice. 

Supermassive black holes are 
thought to exist at the heart of most 
galaxies, possibly forming from the 
collapse of a dense gas cloud in the 
galaxy’s early life. Such black holes 
may play a significant role in galaxy 
formation, giving the galaxy a hnh 
to coalesce around. Candidates 
have been detected at many galactic 
centres, thanks to unusually high 
electromagnetic emissions from these 
regions, and the odd motion of 
nearbv stars. 

A star called S2 orbits the centre 
of the Milkv Wav at about four times 
the radius of the orbit of Neptune. 
From S2’s path, it .seems likely that 
it’s orbiting something with a mass 
of about 4..T million times that of the 
Sun, The object matches the position 
of an intense radio source called 
Sagittarius A*, and there is currently 
no other explanation for this except a 
supermassive black hole. Elsewhere, 
.stellar destruction gives a clue. 
Unusually bright light signatures in 
distant galaxies are thought to be stars 



being ripped apart by supermassive 
black holes. 

All is not certain, though. A 2014 
study suggested that black holes won’t 
form at all. The authors suggest that 
as a star collapses, Hawking radiation 
during the collapse would reduce the 
mass of the star sufficientlv that the 
black hole never reaches completion. 
There would be an ultra-dense body 
acting like a black hole, but without 
the singularity or the event horizon. 
The paper is not universally accepted, 
but illustrates how our understanding 
of black holes is primarily driven by 
theory. Whatever the reality, we can 
expect more surprises. ■ 



BRIAN CLEGG is author of many science 
books, inciuding Science For Life: A Manuel 
For Better Living and Gravity: Why What 
Goes Up, Must Come Down 



Find out more 



Listen to astronomer 
Dr Marek Kukula explain 
black holes and the Big 
Bang to Ibday presenter John Humphrys 

http://bbc.in/1AvQXdm 
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Speak French, Spanish or Italian 

as they are really spoken 2 2 
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TUTTO 
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Now you can improve or maintain your French, 

Spanish or Italian with the bi-monthly audio magazines, 
Bien-dire^ Puntoy Coma and Tutto Italiano. 

Bien-dire, Puntoy Coma and Tutto italiano are all published six times 
a year from France, Spain and Italy and include a glossy magazine 
packed full of lively, topical and original articles and in-depth 
interviews in French, Spanish or Italian to give you the inside track on 
French, Hispanic or Italian culture. Keywords and phrases are glossed 
into English on the facing page. The articles, in turn, are narrated on 
the accompanying 6o-minute audio CD to enable you to improve 
your listening comprehension and understand French, Spanish 
and Italian as it's really spoken. In addition, every feature is graded 
for difficulty so that you can assess your progress with each issue. 

If you now want to be able to speak like a native, a subscription 
to Bien-dire, Puntoy Coma or Tutto italiano will inspire, 
motivate and help you to achieve fluency. 



Key Benefits 



Speak French, Spanish or Italian with confidence 
by learning the language as it’s really spoken 

Improve your vocabulary and listening comprehension 

Improve your knowledge of French, Hispanic 
or Italian culture 

Lively, relevant and up-to-date, authentic content 

Take advantage of on-going, portable and 
flexible learning 
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Subscribe Today to 
either Bien-dire, 

Punto y Coma or Tutto 
italiano for a year for 
just £99 and you will 
receive an extra issue, 
worth over £l6, for 
FREE - that's 7 issues 
for the price of 6! 
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Order TODAY by calling 

0800 141 2210 

Outside the UK call 

+44 117 927 2236 

or by visiting our website: 

www.languages-direct.eom/FOC315B 
for Bien-dire and 

www.languages-direct.eom/FOC315P 
for Puntoy Coma 

www.languages-direct.eom/FOC315T 
for Tutto italiano 



Subscribe Today! 




01 . Please send me a year's subscription (6 bi-monthly magazines and 6 accompanying 
audio CDs for £99) to B/en-tfj're Audio Magazine + 1 e>ctra FREE issue! 




02. Please send me a year's subscription (6 bi-monthly magazines and 6 accompanying 
audio CDs for £99) to Punto y Coma Ai^io Magazine + 1 extra FREE issue! 




03. Please send me a year's subscription (6 bi-monthly magazines and 6 accompanying 
audio CDs for £99) to Tutto italiano Au<i\o Magazine + 1 extra FREE issue! 



□ 

□ 

□ 



Cheque: cheque enclosed for £99 (payable to Languages Direct Ltd) □ 

or Card: Please charge my credit card for the sum of £99 only: Mastercard □ Visa n Ame)( □ 



Card number: 

Expiry date: Card CW Code: 



Please send your completed order form together 
with payment to: Languages Direct Ltd^ 

FREEPOST RSKB-KSKR-LYLU, Bristol BSl 6UX 

Delivery: Your first issue should be with you within 1 0 days of receiving your order, 



6o day money-back guarantee 

If for any reason Bien-dire or Puntoy Coma or Tufto italiano is 
not for you, just let us know within 6o days, and well refund your 
subsciption in FULL, and you can keep your first issue* If at any 
time later you decide to cancel, well refund you the cost of any 
unmailed issues. 



First name: Surname: 

Address: 



To see our full range of excellent language learning materials 
visit wwwdanguages- direct *com 

Media Ref: FOC3 15 



Emah: 



Telephone: 
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China’s Man 
Made Marvels 

A four-part series looking 
at China’s role as a world 
leader in engineering p94 




© FROM MOUNT EVEREST to the Grand Canyon, 
certain natural locations are recognised 
worldwide for their beauty and sheer seale. But its 
one thing to admire stunning visual impact, quite 
another to imagine living there. That’s where this 
series goes beyond the striking camerawork, to 
tell the stories of human lives happening in some of 
Earth’s most extreme places. 

To you, Everest may be a pub quiz fact or 
iconic image, but to icefall doctors like Temba, 
it's a hazardous workplace environment. On their 
expertise depends not only their own safety, but the 
lives of visiting climbers. You may think of Kilimanjaro 
only as a potential sponsored trekking destination, 
but if you lived in its shadow you'd probably be too 
busy keeping elephants away from your cattle- 
grazing to admire its majestic peak. 

Many of the people living in these photogenic 
locations are far closer to nature than we are, 
watching from the comfort of our sofas. But before 
you get too misty-eyed with envy, brace yourself for 
the brutal struggle to survive and thrive that comes 
with the territory. Borneo’s giant caves conceal 
treasure, in the form of bird’s nests for bird’s nest 



soup. But to bring back the valuable commodity, 
the locals must make a risky journey of almost 100 
metres by bamboo ladder. And if you’re sick of telling 
your kids they don’t know how lucky they are, make 
sure they catch episode one, in which a group of 
nine-year-old boys endure an initiation ceremony in 
the Amazon jungie. They suffer the agonising stings 
of hundreds of fire ants. 

From remote mangrove forests to the merciless 
Mongolian steppe, the locals see wildlife as far 
more than spectacular TV fodder. At best, it can 
help you feed your family, like the whale sharks that 
cooperate with deep-sea fisherman. At worst, its 
aim is to feed on you. 

The locations alone read like a bucket list of 
awe-inspiring destinations. Add in the real-life drama 
and Intriguing stories of little-known parts of the 
world, and we’re set for a rewarding series. 

TIMANDRA HARKNESS 

Watch Earth’s Natural Wonders 
on BBC One this spring. Check 
radiotimes.com for more details 



□□a 
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Cheltenham 
Science Festival 

Guest speakers including 
Brian Cox and Alice 
Roberts discuss Mars, 
quantum computing, the 
multi verse and more p97 
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The Vital Question 

This new book asks why 
complex life on Earth has 
evolved only once, and 
not many times over puS 
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To Do List 




WATCH 

TV & ONLINE 

WITH TIMANDRA HARKNESS 



Danger Decoded 

National Geographic, 8pm 




Find out what happens to this chap 



IT’S EASY TO see shocking footage 
online and think, "How could they 
not see THAT coming?" Now’s your 
chance to try to spot the disaster 
before it happens, with a new series 
that uses real footage and statistical 
insights. When the action is paused, 
you have three computer-generated 
options to choose from. Can you 
predict the outcomes? 



Secrets Of The Eerth 

Edan, 8pm 



IMAGINE ALIENS STUDYING our 
planet in the same way we look 
at Jupiter, Venus, or more distant 
worlds. That's the approach this 
series takes to Earth. Scientists 
visualise Its birth, then unveil the 
impact of gravity on our orbit around 
the Sun, of cosmic rays on clouds, 
and even the way invasive species 

Hurricane Isabel from the ISS reshape OUr biosphere. 





sm * 

The outer skeleton of the Bird’s 
Nest stadium In Beijing consists 
of 42,000 tonnes of steel ^ m 



China’s Man Made Marvels 



Churchill’s Toyshop 

Oiscovery, ypm 




Stuart McRae with the sticky bomb, 
as recreated in this programme 



DURING WORLD WAR II. Britain’s 
technological arms race with the 
Nazis held the key to victory. This 
documentary uses interviews and 
archive footage to tell the story of 
Churchill’s clandestine research 
institute. Modern experts use original 
blueprints to recreate some of the 
original inventions, lost for 70 years - 
sometimes with good reason. 



TIMANDRA HARKNESS is a stand-up comedian and a 
regular presenter on BBC Radio 4 



CHINA’S ECONOMIC PROGRESS 
has been impressive, By 
industrialising so fast, it has 
lifted millions from poverty. 

Less often recognised, in 
spite of China’s centuries-old 
role as engineering pioneer, 
is the advanced technology 
that propels the world’s most 
populous country into the 21st 
Century. Don’t be fooled by 
China’s role as a manufacturing 
centre for other countries - it’s 
long been an innovation nation. 

Over 1,000 years ago, the 
Chinese were constructing giant 
statues of the Buddha, and 
using ingenious construction 
materials to build defensive 
walls that survive to this day. 
Today, the same ambition, 



technical skill and scientific 
creativity allow them to dazzle 
the world with very different 
structures. Airports, subways, 
the world’s highest railway 
and the Bird's Nest stadium all 
showcase China’s arrival as a 
leading world power, 

This four-part series brings 
to life China's engineering 
marvels - ancient and modern 
- with location filming, CGI 
graphics and interviews. 
Discover the ambition of China's 
projects, but also the challenges 
that face the teams trying to 
bring them to fruition. With 
natural hazards and human 
fallibility to overcome, the 
economic and bureaucratic 
elements start to look trivial. 
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Join the Mammoth Sleep Revolution 

Test drive a Mammoth mattress at your local stockist, 
Visit wvvw.mammothnriattress.co.uk 

Click on our retailer finder & request a free info pack. 



SATRA Independent 
research and product 
testing results found 
that Mammoth's 
Medical Grade Foam™ 
range delivers: 



The numbers don’t lie. Every athlete knows that. Only through time, 
effort and dedication will the numbers improve. After a hard training 
session or competition you want to know that the mattress you sleep 
on is just as committed to your health as you are. 
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Maminoth Retailer Finder 
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Health claims backed by 

sleep science 

The Mammoth Performance Supersoft delivers sleepers 
unique health benefits that are clinically proven. Through 
unrivalled pressure relief, postural support, muscle cooling 
and improved circulation, no mattress does more to aid 
recovery after exercise, 



"I would highly recommend Mammoth, 
especially to those that exercise regularly 
and are dependent on a good night’s 
sleep” 

Olympic, European and Commonwealth Champion 
Greg Rutherford, MBE 
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To Do List 





TOUCH 

SMARTPHONE & TABLET APRS 

WITH KATE RUSSELL 






Britain's Hidden Talent; 
Female Engineers 

BBC Radio 4, time TBC 

ONE-QUARTER OF Sweden’s 
engineering workforce are 
women. In Britain, 6 per cent 
of engineers are female. 

Susan Marling asks historians, 
educators and some of the UK's 
prominent women engineers 
what's happening, and meets 
employers and universities trying 
to change the gender imbalance. 



politician, looks at the history, 
science and policy challenges. 



19 HAY 



The Origin Of War 

BBC Radio 4. 8.15pm 

ARE WE HARD-WIRED for war? 
Evolutionary biologist Steven 
Pinker, famously critical of The 
Blank Slate thesis of human 
nature, thinks not. Geoff Watts 
presents this documentary 
weighing the evidence for and 
against the evolutionary origins 
of warfare. 



Changers CO, Fit 

iOS 7.0 or later, iPhone, iPad , Android 4.0.3 or later, Changers, free 

ACTIVITY TRACKERS ARE all the rage. But if you're 
not really that interested in your fitness levels, 
then how about using the health of the planet as 
an incentive to get yourself moving? That's the 
idea behind Changers CO^ Fit. This innovative 
app encourages you to travel by foot, bicycle, or 
skateboard - basically anything that doesn't emit 
COj - Instead of jumping in the car. The app then 
rewards you for green behaviour with ‘Recoins'. 
You can’t spend these coins on anything other 
than offsetting any CO^-emitting journeys you make, but the idea to 
help 'gamify' living a carbon-neutral life is a good one. You can even 
compare yourself with other people. 




m 



The Truth About Aids 

BBC World Service, various times 




How has HIV changed lives? 



IT WAS ONCE a mysterious and 
unstoppable killer, but HtV/AIDS 
is now giving ground to medical 
research and changing sexual 
behaviour. This six-part series, 
presented by researchers, 
doctors, psychologists and a 



26 MAY 



The Business Of 
Genetic Ancestry 

BBC Radio 4, 11am 

DO YOU HAVE any Viking in 
you? Want to find out? Send off 
for a genetic home-testing kit 
and science will tell you. Or will 
it? Presenter Adam Rutherford 
unravels the extravagant claims 
of ancestry companies. 




Geneticist Adam Rutherford; Viking? 



ONLINE 



Understanding Ebola 

bbc.co.uk/prograrrimes/p02tndzk9 



© STATISTICAL SUPERSTAR HANS Rosling 
and Ebola expert Margaret Lamunu join 
Tim Harford to talk about fighting the disease in 
West Africa. This is part of a BBC World Service 
Ebola season that also includes a visual guide: 
bbc.co.uk/programmes/p02mrlx5 




Pocket Universe 

iOS 5.1.1 or later, iPhone/iPad, Jchn Kennedy, £2.29 

STARGAZERS CAN USE the Pocket 
Universe app to tour the planets in the 
Solar System, or use the virtual sky 
feature to identify celestial objects 
above. The app even tells you what you’re 
looking at - although the synthesised 
voice does sound a little crazed, 
especially if you move your viewpoint 
around too quickly. The app has loads 
of extra features and it links to the latest 
astronomy news, so you need never 
miss another meteor shower... provided that the clouds clear long 
enough to catch it. 

Earth Primer 

lOS 7.0 ciTater. iPad. Chaim Gingold, £7.99 




ON A HAZY summer’s day it's 
hard to imagine that we're hurtling 
through space on what is. 
essentially, a fiery ball of molten 
lava covered with a thin crust of 
metal and rock. It’s a lot easier 
to picture this when you start 
exploring the interactive pages of 
Earth Primer. This brilliantly visual 
app helps you discover how things work using playful animations 
and rich sound effects. Starting at the Earth's core, you’re 
encouraged to push and prod with your fingertips to see how the 
forces of nature react over thousands of years of evolution. 




KATE RUSSELL is a technology Journalist and BBC Click presenter 
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VISIT 

EVENTS & EXHIBITIONS 

WITH JHENI aSMAH 
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Wellcome Image Awards 2015 

MOSI, Manchester, free, mosi.org.iik 

GET UP CLOSE and personal with a greenfly's eye and a cat’s 
tongue at this exhibition of 20 award-winning science images. 
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Myths And Monsters 

Naturai History Museum, Tring, Hartfcrdshire, free, nhm.ac.uk/tring 



FIND OUT MORE about the animals that inspired tales of mythical 
beasts like unicorns and dragons. 




Imperial Festival 

Imperial College, London, imperial.ac.uk/festival 



HERE'S YOUR CHANCE to hear from some of the country’s top 
scientists about projects such as robotics (pictured). 



The Planet Mercury, Newly Revealed 

Royal Astronomical Society. London, 1pm and 6pm. free, www.ras.org.uk 



PROF DAVID ROTHERY discusses the volcanic eruptions and 
thermal contractions that have shaped Mercury. 



IB MAY 



Fascination Of Plants Day 2015 

Various locations across the UK, free, plantdpy.org 

CELEBRATE THE MAGNIFICENCE of all things green at one of 
the many events taking place across the country. 





HowTheLightGetsIn 2015 

Hay-on-Wye, £12 (site pass), howthelightgetsin.iai.tv 



THE PHILOSOPHY AND music festival is sprinkled with thought- 
provoking science, including Aubrey de Grey on ageing, Colin 
Blakemore on the human brain, and Roger Penrose on what came 
before the Big Bang, A pass gets you into the site to watch free 
concerts, but talks cost extra so it's best to book in advance. 








Cheltenham Science Festival 

chsitenharrfestluais.com/scieiice 

© PROF BRIAN COX. Prof Alice Roberts, Dr Jim Al-Khalili 
and Dr Adam Rutherford are all making an appearance 
at Cheltenham this year. Here’s a taster of 2015's events... 

Dinosaurs; What Did They Really Look Like? 

Join Prof Alice Roberts and a team of experts as they chat 
about how our image of dinosaurs changes all the time. 

Martin Rees; Mars To The Multiverse 

Explore the cosmos with Prof Martin Rees as he reveals 
exciting astronomical developments. 

Why Take The Risk? 

Neuroscientist Vince Walsh and behavioural scientist Nick 
Chater take a closer look at dangerous careers. 



Can We Build A Quantum Computer? 

This talk investigates how a quantum computer could one 
day solve problems that would take a modern PC the age of 
the Universe to complete. 



Anne Glover; Science In The Political Arena 

It was a black day when the post of EU Chief Scientific 
Adviser was ditched , At this talk, Anne Glover - the last 
person to hold the role - explores what happens when 
science meets politics. 



Back To The Future At 30 

Hitch a ride on a DeLorean with Dr 
Adam Rutherford and Gia Milinovich to 
find out how 2015 compares to the 
hoverboard-and-self-tying-shoelaces 
world of Back To The Future. 
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THE LATEST SCIENCE BOOKS REVIEWED 



Hardback *• Paperback 



The Vital 
Question 

Why Is Life The Way It Is? 



Nick Lane 

Profile Bcckc. O P18.99 



EVERY ONE OF the millions of species 
on Earth uses DNA to make the genes 
that code for the proteins that constitute 
our cells and bodies. This tells us that all 
life - from single-celled bacteria to yeast, 
mushrooms, jellyfish, insects, plants, birds 
and mammals - can be traced back to a 
single common ancestor that we now know 
from fossils, arose some time around 3.5 to 
3.8 billion years ago, 

But why does ail life on Earth have only 
this one common ancestor? That’s the 'vital 
question’ at the heart of this book. Why 
have simple bacteria evolved into complex 
life just once in nearly four billion years? 

Why aren’t there other forms of life with 
different basic chemistries? In Nick Lane's 
carefully researched new book, he argues 
that the answer lies in the way in which cells 
produce energy. 

Lane identifies a particular chemical 
process - the proton pump - that is shared 
across all life. This process - a kind of 
electricity, except with protons flowing 
instead of electrons - is the principal 
source of a cell's energy. Lane suggests 
that if other, more efficient processes were 
possible, then natural selection should have 

"Why have 
simple bacteria 
evolved into 
complex life Just 
once in nearly four 
billion years?” 




I 



NICK LAN 



THE VITAL 
QUESTION 




WHY IS LIFE THE WAY IT IS? 



allowed bacteria to discover them by now. 
After all, bacteria are notoriously versatile, 
and they've had 3.8 billion years to come up 
with a better solution. 

So how did bacteria make the leap to 
becoming complex life? Lane suggests 
that the breakthrough happened around 
1.5 to 2 billion years ago, when a single 
bacterium took up residence inside another 
unicellular organism, creating the little 
energy powerhouses - mitochondria - that 
are found in most of our cells today. These 
mitochondria could then proliferate in cells, 
liberating orders of magnitude more energy 
than a bacterium could produce on its own. 

It’s no mere accident then, argues Lane, 
that we all stem from a common ancestor. 
Complex life requires colossal amounts of 
energy, and the chemistry that allows our 
cells to deliver it could not have happened 
in any other way. He even goes as far as 
to say that were we to find life elsewhere 
in the Universe, it would be fundamentally 
similar to our own. 

This readable account of life’s origins 
is unlikely to be the last word on this 
controversial subject, but it will intrigue 
the scientifically curious and challenge the 
biochemically literate. 




MARK PAGEL is a professor at Reading 
University and author of Wired For Culture 
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MEET THE AUTHOR 




How did life make the leap from simple 
bacteria to more complex forms? 

In my book I argue that it was a bit of a 
freak accident about 1.5-2 billion years 
ago. A bacterium somehow got inside 
another single-celled organism, and this 
led to the development of mitochondria 
- the power packs of most of our cells 
today. This event removed the energy 
constraints that had kept bacteria simple. 



So it was a lucky accident? 

We know for a fact that complex life only 
evolved once [in four billion years]. It 
could be that [similar events] happened 
on multiple occasions but that existing 
complex life outcompeted any nascent 
life forms. However, we think that it was 
a genuinely rare event. 

Do we have evidence for this event? 

If we look at our own genomes, we can 
see that a lot of our genes come from 
bacteria, and almost certainly from the 
bacteria that went on to become our 
mitochondria. We also see evidence from 
the mitochondria themselves, which have 
always retained their own bacterial DNA. 



How would you answer the question 
in the book's subtitle, after writing it? 

I’d say life is the way it is because there 
are energetic constraints on evolution 
that have largely been overlooked. For 
the last 60 years we’ve thought about 
evolution in terms of DNA only - but that 
doesn’t predict why life has the peculiar 
history that it does. If we bring the 
requirement for energy into evolution, we 
begin to see that life has taken its 
peculiar path for a fundamental reason. 
This should apply to life elsewhere in the 
Universe, too. 



MORE ON THE PODCAST 

Listen to the full interview with Nick Lane 
at sciencefocus.com/podcasts 
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The Wandering Mind 

What The Brain Does When You're Not Looking 

Michaei Corballis 

University of Chica.sic Pr.s- Q'X V ; t 

WE SPEND AT least half our lives off- 
task. our minds wandering into distant, 
imaginary worlds. Were taught from 
a young age that this is a bad habit, 
that we must pay more attention. But 
Corballis argues mind wandering isn't Just 
important for creativity - it's an essential 
part of what makes humans unique. 

Corballis uses the topic of the 
wandering mind to explore hallucinations, 
memory, dreams, creativity and more. 
Aptly enough, his prose style has an 
unfettered quality - a constant stream of 
facts, observations and asides. He is 
especially fascinating on the question of 
why we dream (perhaps it’s to simulate 
real-life threats?) and on the drugs and 
other situations, such as sensory 
deprivation, that induce hallucinations, 

Anyone who has studied psychology 
will find much that is familiar here, but 
there was certainly enough that was new 
to stop my own mind from drifting off. My 
favourite section is Corballis' demolition of 
the myth that ‘right-brained people’ are 
more creative. "We should relinquish our 
obsession with brain duality, and let the 
whole brain get on with it," he writes. 
Amen to that. 




Shrinks 

The Untold Story Of Psychiatry 

Jeffrey Lieberman 

S Niro snn O ; "O 

IN RECENT YEARS, psychiatry has been 
under siege. In this book, former 
President of the American Psychiatric 
Association Jeffery Lieberman admits 
that psychiatry’s past is strewn with 
dubious treatments like lobotomies, 
insulin coma and morphine therapies, But 
he argues that the discipline has cast off 
its unscientific past and matured “into a 
scientific medicine of the brain". ECT 
machines and psychiatric medicines 
effectively target discrete brain diseases; 
short-term therapies reprogram cognitive 
networks, while MRI scans record the 
real causes of mental distress. 

The trouble is, this 'untold' story is one 
we have heard many times. Lieberman 
talks up the role of neuroscience in 
helping patients and oversells advances 
in treating mental disorders, while 
ignoring inconvenient truths such as the 
problem of over-prescription, the 
destructive effects of taking psychiatric 
medications long-term, or psychiatry’s 
compromising financial ties to Big 
Pharma. His selective, one-sided account 
should be read more as a PR exercise 
than as a serious evidence-based 
contribution to the debate. 




Fat Planet 

The Obesity Trap And How We Can Escape It 
Dr David Lewis and Dr Margaret Leitch 

Random I •ni.se ?!239 

FAT PLANET \S a review of the science of 
obesity and a look at the challenges 
people face when trying to losing weight. 
As the authors point out. the causes of 
obesity are complex: we need solutions 
that go beyond "eat less, move more". 

We are born fat - human babies have 
nearly seven times as much fat beneath 
the skin as elephant seals - and get 
fatter. Why? Primarily, it seems, because 
we have big brains, and to fuel those 
brains we need large energy stores. The 
ability to lay down lots of fat was a great 
advantage to our ancestors, but for us it 
can have unfortunate consequences. 

Genes and the wrong gut bacteria can 
contribute to the problem, but it is 
impulse control that the authors identify 
as one of the key things to focus on. They 
point to research which shows that by 
improving sleep and exercise habits and 
minimising stress, we can develop better 
self-control. But as they ruefully 
acknowledge, 'bolster your cognitive 
resources’ is not a great slogan. 

Broadly, their solutions are centred on 
ways to reduce temptation at either state 
or individual level - though I found some 
more convincing than others, 



DR CHRISTIAN JARRETT Is author of the 
Rough Guide To Psychology 




Journey To The 
Centre Of The Earth 



The Remarkable Voyage Of Scientific 
Discovery Into The Heart Of Our World 

Dr David Whitehouse 



JAMES DAVIES is a reader in psychotherapy 
V at the UniversitY of Roehampton, London 



WE KNOW MORE about the cosmos above 
our heads than about what’s beneath our 
feet. The closest we’ve come to Earth's 
core Is when three men dived 10km to the 
bottom of the Mariana Trench. While 
volcanic lava holds mineralogical clues, and 
seismographs and neutrinos reveal strata 
secrets, great unknowns remain about 
what lies beneath. What is the mantle made 
of? How does the core generate Earth’s 
magnetic field? How deep can life survive? 

Author and broadcaster David 
Whitehouse delves into these questions 
using Jules Verne's Journey To The Centre 
Of The Earth as a background narrative. 



MICHAEL MOSLEY is a science writer, 
doctor and BBC science presenter 



Serving up intriguing information about the 
first seismoscope and so-called ‘deep 
diamonds’, he travels from the crust to 
the core, explaining everything from 
continental drift to the dynamo theory. 

The book slightly lacks structure, and the 
chapter on ‘underworld’ theories through 
the ages doesn’t sit easily with the rest. But 
overall, Whitehouse does a good job of 
explaining how our planet's internal organs 
mould its continents. 



JHENi OSMAN is a science author whose 
books include The World's Great Wonders 
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Advertisement feature 




Get your Dad something special this month... 




Rev it up this Father’s Day and give your dad a gift that he wiil 
never put down. 



Whether your dad enjoys DIY. 
getting under the car bonnet or is 
the general repair man about the 
house, the Leatherman Rev has the 
tools for the job. 





Complete with 13 tools from wire 
cutters and screwdrivers, to 
pliers and can/bottle openers, 
this fully functional, cool 
multi-tool will become dad's 
favourite go-to tool in 
his tool box. 



And that's not all; 
the Leatherman 
Rev comes 
complete with a 
25-year guarantee. 



Available from Go Outdoors stores nationwide LEATHERMAN 

Visit vV V / . C 1 O rtwhi-t ipn^* ’ 



THE MULTI PURPOSE CONTRACTOR TOOL 
BY FISHER SPACE PEN 



Pressurized ink technology proven in outer space. 

Includes a ruler (inches and centimetres), magnetic strip, 
drywall gauge, angle gauge, level, cross level and space pen 
with tungsten carbide ball point. Writes on wood, drywall, 
plastic, metal, rubber and foam, in freezing cold, boiling heat, 
underwater, and upside down. 



The go anywhere write everywhere pen. 
Every tool box should have one! 




Another quality instrument from Fisher Space Pen. 
UK and European sole distributors. 



GBA Pen Company 
Visit www.gbapen.co.uk 
Or call 01245 225758 



fisher 







ELGATO AVEA 

Transform your home with beautiful dynamic light moods. 
Control your ambience from your iPhone or iPad and unwind in 
one of the carefully crafted settings with subtly changing light. 

The Avea LED lightbulb connects directly to your iPhone or iPad 
using Bluetooth Smart technology, without requiring additional 
gateways or bridges. Connect more than one Avea, and they will 
automatically coordinate their lighting to create an even more 
immersive atmosphere. 

Whabs more, Avea is soon available on Apple Watch making it 
easier than ever to pick the perfect lighting for your mood. 

SRP; £39.95 

Visit www.elgato.com/avea 
Or email europesales ^ elgato.com 




Have you ever wondered where you've left your keys again? 

With Elgato Smart Key, you have one thing less to worry about. 

Flgato Smart Key connects your keychain to your iPhone: now, 
your iPhone can notify you whenever you leave your key behind, 
let you know where it was last seen, or help you find it by playing 
a sound, 

With low energy Bluetooth Smart technology, the replaceable 
battery lasts more than half a year, and you can customise when, 
how and where you want to be notified, 

SRP: £39.95 

Visit 

Or email 
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ASTRONOMY 




OUTDOORS 




Harrison telescopes Ltd 

www.hErrisontelescopes.co.uk 



Call 



08 979 6809 



The latest WI-FI Ar aroid' 
and [OS controlled / 

‘ . i 

Lithiunl powered‘s' 
Telescopes in^stock 



CELESTRON NEXSTAR EVOLUTfON 



CELESTRON 





I W M 1 ^ I 1 1 

Inchn imc5ote 



Sky-Waf£lier' 



plSi^SSuffi 



EXPL<5^ RE 

S C I IM T I F » C 



COR NADO 



L ON SONY T RINGS FROM - £9.95 
MAINS 5 AMP POWER SUPPLIES - £24.95 
METAL TORCHES - £ 1 2.95 

QUALITY MOON FILTERS FROM - £8.99 



-■r;jaa i^ATCM HMD ADVICE 

Ofl'erii subjec't it) aviiiliibiUiy & suhjtfcl tt) change wiihcnit prior notice 



EDUCATION 




International Summer Schools 

5 July - 1 5 August 201 5 



Discover a variety of interdisciplinary and specialist programnnes, 
for adults of all ages, which run from one to six weeks and are 
taught by leading Cambridge scholars and guest subject specialists. 

The Science Summer School (5 July - 1 August} includes one-week 
courses in astronomy, animal behaviour, genetics, cryptography, 
data science, forensic archaeology, geoengineering, immunology 
and psychology. Themed lectures, evening talks, practicals and 
visits to institutes and laboratories complete the experience. 

You can stay in a historic Cambridge College, enjoy weekend 
excursions, social activities and all that Cambridge has to offer. 




UNIVERSITY OF 

CAMBRIDGE 



+44(0)1223 760850 

intenq@ice.cam.ac,uk 

wwwjce.cam.ac.uk/intsummer 



HayFever? 







Doctors like HoyMox 

Many doctors in the media feature HayMax 

award winning organic drug-free allergen 
barrier balm, because it's nen-drow^y, ; 
economical & can be used by children, 
pregnant women Sc breast feeding mums 
If s proven to trap pollen, dust t pet allergens 






Dust or Pet 
Allergy? 

haymax.biz 





A Proven Way to 
Trap the Allergen 



iC ■ 



HayFever? 

DlA^cr M 

Hqv^ 

I.V tl0|j , 

Ui* 

Drug-free 



HayMoJ? 




www.haymax.biz 01525 406600 Ift ^ haymaxbafm haymaxbalm 

selected independent health stores, chemists and pharmacies & 
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M 
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EDUCATION 




A popular and long standing provider of astronomy distance learning 
courses. All courses enjoy an excellent reputation and a certificate is 
awarded for each completed course. Students have easily accessible, one- 
to-one contact with their tutors. Five astronomy courses available: 

- GCSE Astronomy - for a certificate 

- PEC Nature of the Planets - learning for fun about the solar system 

- PEC Nature of the Stars - learning for fun about the night sky 

- PEC Astronomy - to GCSE standard but without the exain 

- PEC Advanced Astronomy - for the more dedicated student 

Also available: The Mobile Stars Planetarium - an exciting educational 
experience for children in schools and for scouting groups. 



^ 01(»1 653 905)2 1 w^vw.planeteartheducation.co.uk 
















WRITING 



WHY 
NOT 
BE j \ 



WRITER? 



As a freelance writer^ you can earn very good 
money in your spare time, writing the stories, 
articles, books, scripts etc that editors and 
publishers want* Millions of pounds arc paid 
annually in fees and royalties. Earning your 
share can be fun, profitable and creatively 
most fulfilling. 

To help you become a successful writer we offer 
you a first-class, home-study course from 
professional writers w'ith individual guidance 
from expert Tutors and flexible tuition tailored to 
your own requirements. You are shown how to 
make the most of your abilities, where to find 
ideas, how to turn them into publishable writing 
and how to sell them* Tn short, wc show you 
exactly how to become a published writen If you 
want WTiting success - this is the way to start! 

Whatever your writing ambitions, we can help 
you to achieve them. For we give you an 
effective, stimulating and most enjoyable creative 
writing course... appreciated by students and 
acclaimed by experts. 

It’s ideal for beginners. No previous experience 
or special background is required* You write and 
study at your own pace - you do not have to rush 
- as you have four years to complete your course. 

Many others have been successful this wav. if 

^ -k- 

they can do it - w'liy canT you? 



We arc so confident that we can help you become 
a published writer that wc give you a full refund 
guarantee* If you have not earned your course 
fees from published writing by the time you 
finish the course, we will refund them in full. 

If you want to be a writer start by requesting a 
free copy of our prospectus 'Write and be 
Published’. Please call our freephone number or 
visit our website NOW! 

COURSE FEATURES 

• 27 FACTPACKED MODULES 

• 2 SPECIALIST SUPPLEMENTS 

• 20 WRITTEN ASSIGNMENTS 

• ADVISORY SERVICE 

• TUTORIAL SUPPORT 

• FLEXIBLE STUDY PROGRAMME 

• STUDENT COMMUNITY AREA 

• HOWTO PRESENT YOUR WORK 

• HOW TO SELL YOUR WRITING 

• 15 DAY TRIAL PERIOD 

• FULL REFUND GUARANTEE 

www.writersbureau.com 

‘S' FREEPHONE Quote: 

14 HOURS JL3041 5 

0800 856 2008 



luL 



WWW. faceb oo k . co m/wi i ters b u reau 
WWW. twitte r. com/write rs b u reau 




Hannah Evans, Winchester Tve been 
published in The Guardian and Good Life 
earning £400. And now Tve got my first book 
published by Bloomsbury called MOB Rule: 
Lessons Learned by a Mother of Boys. The 
Writers Bureau course provided me with 
structure, stopped my procrastf nation but most 
importantly it provided the impetus to try something different.'' 




Michael Foley, Essex ' Completing The Writers 
Bureau course has rnade it possible for me to 
attain my life-long ambition of becoming a 
published writer. The level of success I have 
achieved has far outweighed what I was hoping 
for when beginning the course. I have now had 
seventeen books published with two more under publication at 
the moment" 



jane Isaac, Northamptonshire When 
I started the Writers Bureau course, I 
wanted to explore avenues for my \A/riting 
and develop and strengthen my personal 
style. I had no idea that it would lead to 
me being a published writer of novels and 
short stones. 

I""""""""""" ~A> 

Please semi me details (ni h(nv io beeome a sneef^sshd 

NAME 

ADDRESS 



POST CODE 




email : 1 5W 1 (q.writcrsbu rcau.com 

Plca.se include vour name and address 



EMAIL .. 



Freepost RSSK-JZAC-JCJG 

The Writers Bureau 

Dept JL30415 
Manchester. M3 1 LE 




Years 
Success 
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EDUCATION 



FURNITURE 



Astronomy by 

Distance Learning 

♦ 

High Energy Astrophysics* Jun 

An Introduction to Astronomy Sept 

Science with the Liverpool Telescope Oct 
Science of the N ig ht Sky Nov 

www.astronomy.ac.uk 

astro-distance(^ljmu,ac,uk 0151 231 2900 

PUBUSHER^^^^^^^" 



LIVERPOOL 
. JOHN MOORES 



UNIVERSmf 




LOOKING TO BE PUBLISHED? 




Submissions and samples 

WELCOMED. ALL WORK 
CONSIDERED, NO AGENT 

required. 



AUSTIN MACAULEY 

PUBLISHERS LTD. 

CGC-33-01, 25 Canada Square 
Canary Wharf, London, E14 5LQ 
Tel: 0207 038 8212 



WWW. austin macauley.com 
man@austinmacau ley.com 




IAN EDWAItDS 

OF HARROGATE Esi. i970 

T.k01423 500442 



for soles/enquiries or FRC€ brochure call - 01423 500442 

uf wuf .ia nsbespokef ur n it ure .co.uk 




Hondmode Bespoke Furniture 

For CD's * LP’s ' DVD's 6^ Books 

The Old Chopel, 282 Skipton Rood, 
Horrogote, VorkshireHGl 5HC 


















BODY SCIENCE 



THE COLD SHOULDER ICE VEST 

Keep cool & burn fat 



u. 



IJ j;. 
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Body Fat % vs Week Number 



The Com Stiouider- 



Wlth The Cold SfKJLildet-’ 



V 



Trials suggest that wearing the vest twice a day for an hour 
each may result in up to 1 lb, of body fat lost, over and 
above that provided by diet and exercise. 









WWW.COLDSH.COM/FOCUS 



INFO@COLDSH.COM 



> The Cold Shoulder 

Calorie Earning Vest 



Actual body fat percentage 
(measured by DEXA scan) of one of our 
users before and after using The Cold 
Shoulder. Diet and exercise were held 
constant throughout. 






By using mild cold exposure 
strategically placed on the upper back. 
The Cold Shoulder vest activates BAT 
(Brown Adipose Tissue) which causes 
your body to burn calories and 
accelerate tat loss. 




ASTRONOMY 











Digital Microscopes 



Stream, Capture, Share, 

Micro Fi is a Wi-Fi enabled handheld 
digital microscope that enables you 
to view the microscopic world right 
on your smartphone 
or tablet! 



The professional-level Ceiestron TetraView LCD 

is a touchscreen digital microscope with advanced 
features at a reasonable price, TetraView features four 
fully achromatic lens objectives, a fully mechanical 
stage, a 43" TFT full colour touch screen, 5 MP CMOS 
sensor, and a Z GB SD card for storing your photos 
and videos. Taking hfgh-resolution images and video 
of specimen slides has never 
been easier, 



D AvjilAbt* « Ih# 

App Store 



Handheld 

ProSMP 

fVlicroscope 



Celestron fs distributed in the UK and Ireland by David Hinds Ltd. Dealer enquiries welcomed. 

David Hinds Ltd. Unit R. Cherrycourt Way. Laighton Buzzard, Bedfordshire LU 7 4 UHI 

Cc L stroi- ‘ and etraViu-.v ^re ' .jgi^-ured i"adu:'nar;:v o C«ies^iron /^Gqisii^ii'ion^ LLC jr.iGd 

Ott er POL. ill it- - hi; iunJ Ir '■ v.-oHd. A_T , >d, T.-ar- li d | "'GG-id v adcn ; j;-; ; DfS’^ryuii^ F 

Appsi' jrfi ift a reg -:rHT«-Kf riarj^ GoogF'J P'Gy *- a , ■ ?r ,T - f ; .ark o' J 



-‘"I. 



more LUith Celestron 

iuLuiu.celestron.uk.com 



Celestrorii M ionoscopes 
are available from 



01 50Z 725205 

and specialist dealers rvationwide 



Easy to use, low-power 
mfcroscope with 
a large 5.0 MP 
sensor and stand. 












YEARS 



SPACE TELESCOPE 



t:OLLV'A' \H)R>^ V;V)VnUK 



Twenty-five years ago this month, the 
Hubble Space Telescope launched into 
Earth orbit and into the history books: 
it changed the way 



we view our place 
in space for ever. In this special issue, 
we celebi;ate the unparalleled clarity 
of Hubble's greatest images. With 116 
pages of stunning galleries, plus features 
on the kience Hubble enabled, the 
daring maintenance missions and more, 
you'll never see the Universe in quite 
the same way again. * r 



116 P6GES OT HUBBiE'S 

MOST SPECTJkCULJkR IMBGES 



PLUS... ITS LEGACY 
# IMAGE PROCESSIHG 



ariJ^ACETELEKOPE 



Stunning galleries of the very best 
images from the Hubble Space Telescope 
bring you the cosmos in all its glory 



Discover more about the orbiting 
observatory, v/here it resides in space 
and how it has been maintained 



Find out how mission technicians on 
turn raw Hubble data into the clear, 
detailed images we know and love 



ORDER YOUR COPY TODAY 

www.buysubscriptions.com/hubble 



tCalls to this number from a BT landline vrill cost no more then 5p per minute. Calls from mobiles ond other providers may vary. Lines ore open Bam-Bpm weekdays & 9om^1pm Soturdoy. 
^Prices including postage ore: £9.49 for UK residents, £10.99 for Europe and £11.49 for Rest of World. All orders subject to availability. Please allow up to 21 days fordelrveiy. 




Mindgames 
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1 ~l ~l it'iMJJ.j.iim Solve puzzles from BBC’s Only Connect 

/ / hosted by Victoria Coren Mitchell at http://bbc.in/lvCOzuY 




SOLUTION TO CROSSWORD k 174 



WIN! DAVID 
ATTENBOROUGH’S 
RISE OF ANIMALS: 
TRIUMPH OF THE 
VERTEBRATES 



Lesley Champion. Ian Thompson, Celia Fukes, 
Steven Barnett and Brian Duncan each 
correctly solved issue 278's puzzle and 
receive a copy of Tony Robinson's World 
War 7 (Discovery, £14,99), 



ACROSS 

8 Neural network around old bit of 
seed (7) 

9 Soldier takes middle tree to set iimit (9) 

13 A riot out of proportion (5) 

14 Rural deityjoins a group of animate (5} 

15 Decay terribiy rife in aquatic 
creature (7) 

16 Mushrooms from isfand finally in 
crop rotation (7) 

17 Old aristocrat puts one article inside 
another (5) 

18 Deer ficcking round one duck (5) 

20 Attach a smidgeon around gap (5) 

22 Rascai finds part of play leaves an 
impression (6) 

23 Mark, in Germany, makes a different 
sound (6) 

25 Not glib, ordering a snack (7) 

27 Attempt to find one record among 
set of books (7) 

30 Pat and Ian ran from snake (6) 

31 Bilge written about river rodent (6) 

32 Wager on the Spanish climber (5) 

35 Reportedly influenced by material (5) 

36 New aim - to leave an idealised 
picture (5) 

37 Quarry contains gold and a form 
of debris (7) 

39 Some light has energy - it's an 
inflammation (7) 

41 Canoe unsuitable for so much 
water (5) 

42 Generate small piece (5) 



43 Roast tuna prepared for distant 
traveller (9) 

44 Skull found around a ruin gets 
confused with my head (7) 

DOWN 

1 Overcoat of unusual lustre (G) 

2 Rue mixing drug and element (8) 

3 Numerical factor makes firm 
streamlined (11) 

4 Almanacs delivered to a city (9) 

5 Transmitter In a bag (7) 

6 Set with different graduate is using 
our own heat (10) 

7 Part of tree in field falls, initially (4) 

10 Subject includes right line of latitude (B) 

11 Secondary genre of U-boat (7) 

12 A traitor captures artist by mountain (6) 

19 Current doctor treats a thug (7) 

21 Poisonous ingredient in a new range 
of products (7) 

24 Use a rein primly in qualifying round (11) 

26 Rath to carry jet away (10) 

28 Gauge demo to have been arranged 
by agitator (9) 

29 Terribly bad sign from the middle (7) 

30 It's been sneezed in, that's the matter (6) 

32 Crooner Rod's managed inside to get 
a natural sound (8) 

33 Gothic supporter writes message 
with hesitation (6) 

34 Begins engagement with a tonic (7) 

38 Doomed flier takes one vehicle to 

America (6) 

40 Point a set out (4) 



YQUR DETAILS 



NAME 

ADDRESS 




TERMS & CONDITIONS 




The first five correct soluticns 
drawn wifi win a copy of David 
Aneri)orough's Rise Of Animals: 
Tnumph Of The Vertebrate 
(Go Entertain, E8-99). Entries 
must be 
received 
by 5pm 
on 28 May 
2015. See 
below 
for more 
details. 







POSTCODE 


TEL 


EMAIL 





Post entries to BBC Focus Magazine, June 2015 Crossword, PO Box 
501, Leicester, LE94 OAA or email a scan of the completed crossword 
or a list of answers to june2015@focuscomps,co.uk by 5pm on 28 May 
2015. Entrants must supply name, address and phone number. Immediate 
Media, publisher of BBC Focus Magazine, may contact you with details of 
our products and services or to undertake research. Please write 'Do Not 
Contacf on your email or postal entry if you do not want to receive such 
information by post or phone. Please write your email address on your 
postal entry if you would like to receive such information by email. 



Entrants must be UK residents (inc Channel Islands) aged 18 or over. 
Immediate Media employees are not eligible to enter* By entering participants 
agree to be bound by these terms and conditions and that their name and 
county may be released if they win. Only one entry permitted per person, No 
responsibility is accepted for lost, delayed^ ineligible or fraudulent entries. 
Entries received after the closing date will not be considered. Immediate 
Media (publisher of SBC Focus Magazine) will only ever use personal 
details for the purposes of administering this competition unless you 



permit otherwise. Read more about the Immediate Privacy Policy at www* 
immediatemedia.co*uk/privacv-policy* The winning entrants will be the first 
correct entries drawn at random after the closing time, The prize and number 
of winners will be as shown above. The winners will be notified within 30 days 
of the closing date by post Immediate Media's decision is final and no further 
correspondence relating to the competition will be entered into, If the winner 
cannot be contacted within one month of the closing date. Immediate Media 
reserves the right to offer the prize to a runner-up. 
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ILLUSTRATOR: EDWARD TUCKWELL 



Separating science fact from movie fiction 



Immortality in 

The Age 
Of Adaline 

IN THIS MONTH’S film The Age Of 
Adaline. a young \yoman drives 
her car into a ditch and becomes 
immortal. Just like that. But don’t 
go trying it at home. You’re as 
likely to find the secret of eternal 
youth in a smeggy pond as you 
are in a jar of face cream. 

Some researchers have 
speculated that there's no 
theoretical limit to the human 
lifespan. Ceils may wear out, and 
genetic mutations and disease 
build up, but it's nothing that 
regular trips to the regenerative 
medic \won’t be able to fix. In 
2004, Aubrey de Grey, now 
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Chief Scientific Officer at the ’anti-ageing’ SENS Research Foundation, 
speculated that the first person to live to 1 .000 was probably already 
alive. Ageing, he claimed, was a medical condition that would become 
treatable - a very bold claim indeed. 

A decade later, the field is more circumspect, Slashing calories in 
lab mice and worms has been shown to extend their lifespan. But 
attempts to reproduce the findings in primates, including us, have proved 
disappointing. It's just as well, as there’s no joy in a life bereft of biscuits. 
Scientists have moved away from attempting to cure ageing to trying to 
slow it down. "Researchers are more focused on Improving the quality of 
later life,’’ says Prof Chris Mason from University College London. “It’s not 
necessarily about adding on extra years." 

Big, shiny biotech companies like Google’s Calico and J Craig Venter’s 
Human Longevity are springing up in the hope of harnessing the power of 
‘Big Data' to improve our experience of later life. "It’s about getting millions 
of data points from thousands of people, then crunching all that data 



together to find the mechanisms in cells that contribute to ageing,” says 
Mason. These could then be targeted with drugs, leading to therapies that 
will help our ageing cells stay healthy and prevent age-related diseases 
such as cancer and Alzheimer’s. It’ll be sometime, though, before the 
findings translate into a clinical product. 

In the meantime, the best we can do is aspire to be a naked mole rat or 
a jellyfish. The naked mole rat, a wrinkly eyesore of a rodent, lives to the 
grand old age of 30 - five times longer than expected for an animal of its 
size. Plus, it never gets cancer (no one knows why). The aptly named 
’Immortal jellyfish’ (Turritopsis dohrnii), meanwhile, can keep morphing 
back into a sexually immature version of itself and then grow up all over 
again. It's the equivalent of you 
or I flitting endlessly between 
our adult and prepubescent 
selves which, come to think of 
it, isn't such a good Idea, b 



a HELEN PILCHER is a science 

writer and comedian. 

She tweets from 
@Heienpilcherl 
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The experts think so... 
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BEST 

BUY 



Home Crnema Choice ^Sest Buy', 
July 2014 




Trusted Reviews 'Recommended', 
October 2014 




What Hi-Fi? Awards 2014, 
'T^roduct of the Year' 



^ on ,ims 

HIGHLY 

RECOMMENDED 

AWARD 



AV Forums 'Highly Recommended', 
July 2014 



Tech Radar ' 1 st in Tech Radars 
Top 10 soundbars'. March 2015 




Media 4 The real hi-fi soundbar 

Sonic wizardry for music and movies 



With its lOOw amplifier and built-in subwoofer, the Media 4 plays music, 

TV sound and movies with astonishing quality - no extra boxes required! 

Simply plug and play - plus wirelessly connect smortphones, toblets ond laptops 
using aptX Bluetooth. 

Woll mounts with built-in bracket or shelf-mount with supplied anti-vibration feet. 



Available from 

|ohn Lewis richersouNDS 

and all good audio retailers 



SEVEN0a<S 

• OON& «i vtaiOM 



www.Qacoustics.co.ulc 










Follow your creative visions with the new OM-D E-M5 Mark II. Capture spur-of-the-moment 
photos and movies In breathtaking ly clear quality thanks to the world’s most powerful 5-axis image 
stabilisation’'. This OM-D is also ready to go wherever you go, in any situation. The compact build 
won’t weigh you down, while the robust construction is set for taking on the elements: dust, splashes 
and freezing temperatures. Freedom has never felt so free - with the OLYMPUS OM-D. 



Find out more at your local dealer or visit olympus.co.uk 



OPA Standards as of 12/2014 




